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0RODO$QG7KH+12+26\VWHP8S7R0RODO8VLQJ
$Q$VVRFLDWLRQ%DVHG3LW]HU0RGHO&RPSDWLEOH:LWK
$63(13OXV
,1752'8&7,21
7KHSXUSRVHRIWKLVGRFXPHQWLVWRSURYLGHDVWDWXVRIWKHSDUDPHWHUL]DWLRQGXULQJ)<RI
DQDVVRFLDWLRQEDVHG3LW]HUPRGHOWRVLPXODWHFKHPLFDODQGSKDVHHTXLOLEULDRIDFLGFKORULGHQLWUDWH
PHUFXU\DTXHRXVHOHFWURO\WHV\VWHPV7KLVZRUNZDVIXQGHGE\WKH/DERUDWRU\'LUHFWHG5HVHDUFKDQG
'HYHORSPHQW/'5'SURJUDP
%HVLGHVWKHFRQWULEXWLRQWRWKHVFLHQWLILFFRPPXQLW\VXFKDPRGHOZRXOGPDNHWKHUHVXOWV
ZRXOGKDYHODUJHDSSOLFDELOLW\WRWKHVWXG\RIWKHWUHDWPHQWRIOLTXLG6RGLXP%HDULQJ:DVWH6%:DW
,GDKR1DWLRQDO(QJLQHHULQJDQG(QYLURQPHQWDO/DERUDWRU\,1((/:DVWHPDQDJHPHQWDFWLYLWLHVDW
WKH,1((/DQGWKURXJKRXWWKH'2(FRPSOH[ZLOOHQWDLOZDVWHUHWULHYDOFKDUDFWHUL]DWLRQWUHDWPHQW
DQGSDFNDJLQJIRUGLVSRVDOLQWHULPVWRUDJHWUDQVSRUWDWLRQDQGILQDOGLVSRVDO$QLPPHGLDWHIRFXVDW
WKH,1((/LVUHWULHYDOWUHDWPHQWDQGSDFNDJLQJRIWKHOLTXLG6%:LQYHQWRU\LQWKH,17(&7DQN
)DUP)DFLOLW\7))EHFDXVHRIWKH6HWWOHPHQW$JUHHPHQWZLWKWKH6WDWHRI,GDKR
&RQVHTXHQWO\WKHSULPDU\IRFXVRIPRGHOSDUDPHWHUL]DWLRQGXULQJ)<KDVEHHQRQVSHFLHVRI
LQWHUHVWWRERWKWKHVFLHQWLILFFRPPXQLW\DQG,1((/
3URFHVV'HVLJQ
$QHVVHQWLDOWRROLQGHYHORSLQJDQ\FKHPLFDOSURFHVVLVDSURFHVVIORZVKHHW)6DQGLWV
DVVRFLDWHGPDVVEDODQFH0%7KH)60%GHVFULEHVWKHH[SHFWHGSURFHVVSHUIRUPDQFHEDVHGRQWKH
DVVXPSWLRQVDQGNQRZQIDFWVDERXWWKHXQGHUO\LQJSKHQRPHQDZKLFKRFFXUGXULQJWKHSURFHVVLQJ
VWHSV7KXVWKH)60%SURYLGHVWKHEDVLVIRUGHVLJQDQGRSHUDWLRQRIWKHDFWXDOSURFHVVLQJIDFLOLW\
ZKRVHGHVLJQLVXQGHUFRQVLGHUDWLRQ
7KHPDLQREMHFWLYHVLQJHQHUDWLQJWKH)60%DUHDVIROORZV
D ,GHQWLI\DOOLQSXWDQGRXWSXWVWUHDPVIRUWKHSURFHVV
E 7UDFNWKHFKHPLFDOFRPSRQHQWVLQWKHLQSXWVWUHDPVWKURXJKWKHSURFHVVSDUWLWLRQLQJ
WKHPDPRQJWKHRXWSXWVWUHDPV
F 'HVFULEHWKHFKHPLFDOIRUPVRIHDFKLQSXWFRPSRQHQWLQWKHRXWSXWVWUHDPVHJ
KRZPXFKRIWKH+JLQWKHRIIJDVZLOOEHHOHPHQWDO+JYDSRU+J&OYDSRUDQGVROLG
+J2>DHURVRO@HWF
G 'HWHUPLQHIORZUDWHVDQGSK\VLFDOSURSHUWLHVWHPSHUDWXUHGHQVLW\FRUURVLYLW\HWFRI
DOOSURFHVVVWUHDPVQHHGHGIRUHTXLSPHQWGHVLJQ
7KHDERYHLQIRUPDWLRQLVXVHGWRJHQHUDWHHTXLSPHQWVSHFLILFDWLRQVIRUSURFHVVXQLWRSHUDWLRQV
HJUHTXLUHGWKURXJKSXWVVHSDUDWLRQRUUHDFWLRQHIILFLHQFLHVWHPSHUDWXUHVHWFDQGWRDVVHVVWKH
DGHTXDF\RIWKHSURFHVVUHODWLYHWRWKHSURFHVVUHTXLUHPHQWVHJLVWKHFRQFHQWUDWLRQRI+JLQWKH
VWDFNJDVEHORZWKHUHJXODWRU\OLPLW%RWKWKHVHXVHVRIWKH0%DVVXPHWKDWWKHLQIRUPDWLRQSURYLGHG
LQLWHPVDGDERYHLVFUHGLEOH7KHUHVXOWLQJGHVLJQZLOOJHQHUDOO\OHDGWRDSURFHVVIUDXJKWZLWK
SUREOHPVRSHUDWLRQDOUHJXODWRU\HWFLIWKHGDWDDUHQRWFUHGLEOH
5ROH2I0RGHOLQJ
7KHUHDVRQIRUEXLOGLQJDSURFHVVVLPXODWLRQPRGHOLQDFRPPHUFLDOSURFHVVVLPXODWRULVWR
SURYLGHPDVVEDODQFHDFFRXQWLQJWRVXSSRUWSURJUDPPDWLFSODQQLQJ0RGHOLQJRI,1((/6%:
WUHDWPHQWSURFHVVHVKDVEHHQGRQHLQWKHSDVWXVLQJOLQNHG(;&(/VSUHDGVKHHWVZKLFKODFNDSK\VLFDO
SURSHUWLHVGDWDEDVH7KHREMHFWLYHIRU)<ZDVWRFRQWLQXHWKHWUDQVLWLRQDZD\IURPWKH
VSUHDGVKHHWEDVHGVLPXODWLRQWRZDUGDIXOOIOHGJHGFRPPHUFLDOVLPXODWLRQVRIWZDUHSDFNDJHZLWK
WKHUPRG\QDPLFVLPXODWLRQFDSDELOLW\EDVHGRQDFRPSDWLEOHSK\VLFDOSURSHUWLHVGDWDEDVH7KLV
SDFNDJHZLOOEHXVHGWRSHUIRUPEDVLFPDVVDQGKHDWEDODQFHVRQLQGLYLGXDOXQLWRSHUDWLRQVDQGDURXQG
WKHHQWLUHWUHDWPHQWWUDLQ+DYLQJDQLQWHJUDWHGPRGHOZLWKDWKHUPRG\QDPLFGDWDEDVHZLOOLQFUHDVHWKH
DELOLW\RI,1((/HQJLQHHUVWRDVVHVVV\VWHPZLGHLPSDFWVRIFKDQJHVWRLQGLYLGXDOXQLWRSHUDWLRQV
$63(13OXVKDVEHHQWHQWDWLYHO\FKRVHQDVWKHFRPPHUFLDOSURFHVVVLPXODWRUWRJHQHUDWHWKH0%IRU
WUHDWPHQWRI6%:1LFKROVHWDO
7KHUPRG\QDPLF0RGHOLQJRI1RQ,GHDO6ROXWLRQV
7KHIROORZLQJGHVLJQLVVXHVLQ6%:WUHDWPHQWDUHFRQVLGHUHGDGGUHVVDEOHE\WKHUPRG\QDPLF
PRGHOLQJFRQFHQWUDWLRQVRIFRUURVLYHVSHFLHVLQOLTXLGDQGJDVSURFHVVVWUHDPVFRQFHQWUDWLRQV
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LQYROYLQJWKHVDPHWZRDQLRQV
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RIWKHILUVWQXPEHULQWKHFHOODQGWKHYDOXHRISLQGLFDWHVWKHGHJUHHRILQFRQVLVWHQF\EHWZHHQWKH
$63(13OXVIXQFWLRQDOIRUPDQGWKHRULJLQDOVRXUFHDWÛ&7KHFRHIILFLHQWVRI(TV>@	>@
ILWWHGWR3LW]HUSDUDPHWHUVDQGHTXLOLEULXPFRQVWDQWVUHJUHVVHGLQWKLVZRUNDUHOLVWHGLQ7DEOHV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UHVSHFWLYHO\'DWDXVHGWRUHJUHVVPRGHOSDUDPHWHUVLVOLVWHGLQ7DEOHDQGQRQUHJUHVVHGGDWD
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DFWLYLW\FRHIILFLHQWRIK\GURFKORULFDFLGLQPRODODTXHRXV+&OIRUÛ&0DUVK	0F(OUR\
GHWHFWHGDQHUURULQWKHH[SUHVVLRQIRUWKHWHPSHUDWXUHGHSHQGHQFHRIWKHGLHOHFWULFFRQVWDQWRI
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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HPIPHDVXUHPHQWVWRRQHDWPRVSKHUHSUHVVXUHKDVDSSUHFLDEOHHUURU)LJXUHGLVSOD\VWKHRYHUODS
UHJLRQIRUWKHGDWDRI$NHUORI	7HDUH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DQG+DUQHG	2ZHQ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LQWKHRYHUODSUHJLRQEHWZHHQPRODOEXWWKHWUHQGVDSSHDUWREH
FRPSDWLEOH7KLVVPDOOGLIIHUHQFHEHWZHHQWKHVHWZRGDWDVRXUFHVLQDVPDOORYHUODSUHJLRQDWORZHU
WHPSHUDWXUHVVKRXOGQRWDSSUHFLDEO\DIIHFWWKHRYHUDOOILWIRUPDQGÛ&
7KHIROORZLQJVRXUFHVRIVWRLFKLRPHWULF+&ODFWLYLW\FRHIILFLHQWYDOXHVZHUHXVHG$NHUORI	
7HDUH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>PDQGÛ&@&HUTXHWWLHWDO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Û&@
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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>HPIGDWDIRUP≤
DQGÛ&@3DUWDQHQ	&RYLQJWRQ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>PRYHUÛ&@DQG5RELQVRQ	6WRNHV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$VSUHYLRXVO\QRWHG)ULW]	)XJHWDVVHUWWKDWWKH+&OSDUWLDOSUHVVXUHGDWDIURPWKH
,&7LQWKHWHPSHUDWXUHUDQJHÛ&LVYHU\LQDFFXUDWH7KH\FODLPWKDWEHORZPRODOWKH,&7
YDOXHVUDQJHIURPKLJKDWPRODOWRKLJKDWPRODO7KH\DOVRVWDWHWKDWDERYHPRODO
WKHYDOXHVDUHKLJKZLWKWKHHUURUGHFUHDVLQJZLWKLQFUHDVLQJWHPSHUDWXUH%HWZHHQDQG
PRODO)ULW]	)XJHWIRXQGWKDWWKHLUVDQGWKH,&7+&OSDUWLDOSUHVVXUHGDWDDJUHHGWRZLWKLQ
7KH,&7ZDWHUSDUWLDOSUHVVXUHGDWDZDVIRXQGWREHXQLIRUPO\WRRORZDWÛ&
&DUVODZHWDOLQWKHLUSDUDPHWHUL]DWLRQRID3LW]HUPROHIUDFWLRQEDVHGPRGHOIRU+&O
FRQILUPHGWKHLQFRQVLVWHQF\RIWKH,&7YDSRUOLTXLGHTXLOLEULXP9/(GDWDDWÛ&7KH\DOVR
FRQILUPHGWKHVOLJKWV\VWHPDWLFGLIIHUHQFHEHWZHHQWKHDFWLYLW\FRHIILFLHQWGDWDRI$NHUORI	7HDUH
DQG+DUQHG	2ZHQEXW&DUVODZHWDOFRQFOXGHGWKDWWKLVDFWLYLW\FRHIILFLHQW
GLVFRQWLQXLW\DOWKRXJKDSSDUHQWDWDOOWHPSHUDWXUHVLQYROYHGGLGQRWDSSUHFLDEO\DIIHFWWKHRYHUDOOILW
RIWKHLUPRGHO
3DVWÛ&WKHDPRXQWRIH[SHULPHQWDO+&ODFWLYLW\RVPRWLFFRHIILFLHQWGDWDLQWKHOLWHUDWXUH
GHFUHDVHV'DWDIRUJUHDWHUWKDQPRODOGRHVQ¶WH[LVWSDVWÛ&DQGWKHGDWDDWWHPSHUDWXUHVKLJKHU
WKDQÛ&DSSHDUVWREHFRQILQHGWRWKHPRODOUDQJH&RQVHTXHQWO\PRGHOSUHGLFWLRQVRI+ROPHV
HWDODQGZDWHUSDUWLDOSUHVVXUHGDWDRIWKH,&7ZHUHXVHGWRILOOLQWKHGDWDJDSVDERYHÛ&
+ROPHVHWDOXVHGHQWKDOS\RIGLOXWLRQKHDWFDSDFLW\DFWLYLW\FRHIILFLHQWDQGRVPRWLF
FRHIILFLHQWGDWDWRSURGXFHDFRPSUHKHQVLYHPRGHORIWKHWKHUPRG\QDPLFVRI+&OXSWR.DQG
03D7KH\FRQFOXGHGWKDWWKH3LW]HUDSSURDFKDVVXPLQJFRPSOHWHGLVVRFLDWLRQUHTXLUHGDIRXUWK
YLULDOFRHIILFLHQWIRUDFFXUDWHSUHGLFWLRQVDERYHPRODO0RGHO,RI+ROPHVHWDOWKH
WUDGLWLRQDO3LW]HUDSSURDFKXVLQJWKUHHYLULDOFRHIIFLHLQWVZDVXVHGE\XVWRHVWLPDWHDFWLYLW\DQG
RVPRWLFFRHIILFLHQWVLQWKHPRODOUDQJHDWDQGÛ&
)RUKLJKHUPRODOLWLHVWKHZDWHUSDUWLDOSUHVVXUHGDWDRI,&7DVJLYHQLQWKHFKHPLFDO
HQJLQHHULQJKDQGERRNRI3HUU\	*UHHQZDVXVHGWRHVWLPDWHWKHRVPRWLFFRHIILFLHQW:H
PDGHWKHFRPPRQDVVXPSWLRQWKDWWKHJDVSKDVHEHKDYLRULVLGHDODQGFDOFXODWHGWKHZDWHUDFWLYLW\
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ZKHUHDZLVWKHDFWLYLW\RIZDWHUSZLVWKHSDUWLDOSUHVVXUHRIZDWHU RZS LVWKHYDSRUSUHVVXUHRISXUH
ZDWHUDWWKHV\VWHPWHPSHUDWXUH0ZLVWKHPROHFXODUZHLJKWRIZDWHUDQGPLVWKHVWRLFKLRPHWULF
PRODOLW\RIWKHXQLYDOHQWVROXWH+&OLQWKLVFDVH2QHKDVWREHFDXWLRXVZKHQXVLQJZDWHUSDUWLDO
SUHVVXUHVRIDTXHRXVELQDU\VROXWLRQVZKHQWKHVROXWHLVDOVRYRODWLOHWRHVWLPDWHRVPRWLFFRHIILFLHQWV
EHFDXVHRILQFRQVLVWHQFLHVLQ9/(GDWDVHHWKHGLVFXVVLRQRQ+12DQGWKHSDUDJUDSKEHORZ
UHJDUGLQJWKH$NHUORI	7HDUHGDWD)ULW]	)XJHWGLGQRWDVVHVVWKH,&7YDSRUSUHVVXUH
GDWDDERYHÛ&EXWWKHHUURUEHORZÛ&ZDVUHODWLYHO\VPDOOIRUWKHSDUWLDOSUHVVXUHRIZDWHU
HUURU&RQVHTXHQWO\RVPRWLFFRHIILFLHQWVFDOFXODWHGIURPWKH,&7ZDWHUSDUWLDOSUHVVXUHGDWDLQ
WKHPRODOUDQJHDWÛ&ZHUHXVHGDV³GDWD´EHFDXVHWKH\DSSHDUHGWREHVPRRWK
IXQFWLRQVDQGUHDVRQDEO\FRPSDWLEOHZLWKWKHORZHUPRODOLW\SUHGLFWLRQVRI0RGHO,RI+ROPHVHWDO
,QWKLVZD\DFWLYLW\RVPRWLFFRHIILFLHQWHVWLPDWHVZHUHREWDLQHGIRUWKHHQWLUHFRQFHQWUDWLRQ
DQGWHPSHUDWXUHUDQJHVRILQWHUHVWPRODODQGÛ&UHVSHFWLYHO\
$NHUORI	7HDUHXVHGWKHLUPXOWLSDUDPHWHUFRUUHODWLRQIRUWKHDFWLYLW\FRHIILFLHQWRI
+&OZLWKWKH*LEEV'XKHPHTXDWLRQWRSUHGLFWWKHDFWLYLW\RIZDWHURYHUPDQGÛ&IURP
ZKLFKZHFDOFXODWHGVWRLFKLRPHWULFRVPRWLFFRHIILFLHQWV(T>@7KHUHVXOWLQJRVPRWLF
FRHIILFLHQWVKRZHYHUZHUHDSSUHFLDEO\LQFRQVLVWHQWZLWKWKHUHVXOWVRIRWKHUUHVHDUFKHUV7KLVFDQEH
VHHQIURP)LJXUH1RWRQO\GRHVWKH$NHUORI	7HDUHGDWDDWÛ&QRWVPRRWKO\DSSURDFKWKDWRI
+ROPHVHWDOLWVÛ&WUHQGZRXOGDSSHDUWRH[WUDSRODWHDWORZHUFRQFHQWUDWLRQVWRYDOXHVHYHQ
ORZHUWKDQWKHÛ&GDWDRI+ROPHVHWDO1RUGRWKHRVPRWLFFRHIILFLHQWVRIWKH$NHUORI	
7HDUHZDWHUDFWLYLW\GDWDDWÛDQGÛ&HQYHORSWKHÛ&YDOXHVRI+DPHU	:X
&RQVHTXHQWO\WKHZDWHUDFWLYLW\GDWDRI$NHUORI	7HDUHZDVQRWXVHGLQWKHUHJUHVVLRQV2QO\
WKHOLPLWHGRVPRWLFFRHIILFLHQWGDWDRI+DPHU	:X>P#Û&@DQG5RELQVRQ	6WRNHV
>P#Û&@WKHSUHGLFWLRQVRI+ROPHVHWDO>PDWÛ&@DQGWKHZDWHU
SDUWLDOSUHVVXUHVRI,&7>PDWÛ&@ZHUHXVHGWRHVWLPDWHVWRLFKLRPHWULFRVPRWLF
FRHIILFLHQWVLQWKHUHJUHVVLRQV
5HJUHVVLRQRI%LQDU\3LW]HU3DUDPHWHUV
$OWKRXJKK\GURFKORULFDFLGLQDTXHRXVVROXWLRQLVFRQVLGHUHGPRVWO\GLVVRFLDWHGDW
WHPSHUDWXUHVXQGHUÛ&6LPRQVRQHWD+ROPHVHWDORQHKDVWRDFFRXQWIRU
DVVRFLDWLRQZKHQPRGHOLQJ+&OLQ$63(13OXVEHFDXVHWKH+HQU\¶VODZIRUPDOLVPRIWKHVRIWZDUHLV
LQWHUPVRIQHXWUDOVSHFLHVUDWKHUWKDQLRQVVHH$SSHQGL[$6LPRQVRQHWDOVKRZHGWKDW
GLIIHUHQWYDOXHVRIDGLVVRFLDWLRQFRQVWDQWVHYHUDORUGHUVRIPDJQLWXGHDSDUWFDQILWH[FHVV
WKHUPRG\QDPLFGDWDHTXDOO\ZHOOZKHQWKHH[WHQWRIGLVVRFLDWLRQLVNQRZQWREHKLJK$OWKRXJKWKH
SUHGLFWHGVSHFLDWLRQPD\EHGLIIHUHQWDFWLYLW\DQGRVPRWLFFRHIILFLHQWVIRUH[DPSOHPD\EH
UHSURGXFHGZLWKVLPLODUDFFXUDF\%HFDXVHLWLVHVWLPDWHGWKDWDVVRFLDWLRQRIK\GURFKORULFDFLGLV
PLQLPDOEHORZÛ&DILUPYDOXHRIWKHHTXLOLEULXPFRQVWDQWDQGH[DFWNQRZOHGJHRIVSHFLDWLRQ
WKHUHIRUHDUHQRWFULWLFDOIRURXUWDUJHWWHPSHUDWXUHUDQJH:KDWLVUHTXLUHGLQRXUFDVHLVDPRGHOWKDW
ZLOOSUHGLFWUHDVRQDEOHWUHQGVLQWKHTXDQWLWDWLYHO\VPDOODVVRFLDWLRQZLWKUHVSHFWWRFRQFHQWUDWLRQDQG
WHPSHUDWXUHVXFKWKDW+HQU\¶VODZFDQEHXWLOL]HGWRSUHGLFWSDUWLDOSUHVVXUHVRIDVVRFLDWHG+&OLQ
$63(13OXVZKLOHVLPXOWDQHRXVO\UHSURGXFLQJVWRLFKLRPHWULFDFWLYLW\RVPRWLFFRHIILFLHQWGDWD
&RQVHTXHQWO\WKHYDOXHVRIWKHHTXLOLEULXPFRQVWDQWHVWLPDWHGE\5RELQVRQIRUÛÛ&ZHUH
DUELWUDULO\VHOHFWHGIRUWKHEDVLVRIDFRUUHODWLRQIRUWKHGLVVRFLDWLRQFRQVWDQW7KHSRLQWVDWÛÛ
DQGÛ&ZHUHXVHGWRH[WUDSRODWHWRÛYLDWKHYDQ¶W+RIIH[SUHVVLRQ(OHYHQSRLQWVEHWZHHQDQG
Û&ZHUHWKHQXVHGWRUHJUHVVWKHIRXUFRHIILFLHQWVRI$63(13OXV¶IXQFWLRQDOIRUPIRUWKH
HTXLOLEULXPFRQVWDQW
,QSUHOLPLQDU\UHJUHVVLRQVDWÛ&WKHDFWLYLW\FRHIILFLHQWRIWKHDVVRFLDWHGDFLGZDVDVVXPHG
HTXDOWRRQHDQGRQO\WKHELQDU\LRQLRQLQWHUDFWLRQSDUDPHWHUVZHUHXVHGZKLFKUHVXOWHGLQ
DFFHSWDEOHDJUHHPHQWZLWKWKHDFWLYLW\DQGRVPRWLFFRHIILFLHQWGDWD+RZHYHUWKHQHXWUDOVSHFLHV
LQWHUDFWLRQSDUDPHWHUVλ+&O+&ODQGλ+&O&Oλ+&O+ZHUHDGGHGWRWKHPRGHOEHFDXVHWKHLU
LQFOXVLRQUHGXFHGWKHDEVROXWHGHYLDWLRQRIWKHK\GURFKORULFDFLGSDUWLDOSUHVVXUHSUHGLFWLRQVE\KDOI
ZLWKRXWLQFUHDVLQJWKHHUURULQWKHDFWLYLW\DQGRVPRWLFFRHIILFLHQWSUHGLFWLRQV:HFKRRVHWRJLYH
YDOXHVRIWKHQHXWUDOLRQLQWHUDFWLRQWHUPVλQLDVVXPVRIQHXWUDOFRPELQDWLRQVEHFDXVHLWLVRQO\WKH
VXPVWKDWDUHGHWHUPLQDEOH7KHXVHUFDQWKHQVHOHFWRQHLRQIRUZKLFKWRVHWWKHQHXWUDOLRQ
LQWHUDFWLRQWHUPWR]HURZKHQLPSOHPHQWLQJWKH3LW]HUPRGHO
7KHVXEVHTXHQWDGGLWLRQRIµ+&O+&O+&ODWÛ&IXUWKHUUHGXFHGWKHHUURULQWKHSDUWLDO
SUHVVXUHSUHGLFWLRQVE\DOPRVWRQHWKLUGEXWDWWKHH[SHQVHRIWKHDFFXUDF\RIWKHDFWLYLW\DQGRVPRWLF
FRHIILFLHQWSUHGLFWLRQV&RQVHTXHQWO\WKLVWHUQDU\LQWHUDFWLRQWHUPZDVQRWLQFOXGHGLQWKHPRGHO
,VRWKHUPDOUHJUHVVLRQVRIWKHILYHELQDU\3LW]HUSDUDPHWHUVIURPDFWLYLW\RVPRWLFFRHIILFLHQW
GDWDZHUHSHUIRUPHGDW°&DQGDWWHQGHJUHHLQWHUYDOVRYHUWKHUDQJHÛ&7KHUHVXOWLQJ

SDUDPHWHUYDOXHVZHUHSORWWHGZLWKUHVSHFWWRWHPSHUDWXUH7KHWKUHHYDOXHVIRU&φDWÛ&
PDJQLWXGHDQGVLJQZHUHQRWFRQVLVWHQWZLWKWKHYDOXHVDWWKHRWKHUWHPSHUDWXUHV7KHPDJQLWXGHRI
DOOWKH&φYDOXHVZDVVPDOODQGWKHWHPSHUDWXUHSORWKDGDQRYHUDOOQHJDWLYHVORSH&RQVHTXHQWO\WZR
DSSURDFKHVZHUHWULHG,QRQHWKHYDOXHRI&φZDVVHWWR]HURDWDOOWHPSHUDWXUHV,QWKHRWKHUDOLQHDU
FRUUHODWLRQZDVUHJUHVVHGIRU&φH[FOXGLQJWKHÛSRLQWV7KHLVRWKHUPDOUHJUHVVLRQVRIWKHRWKHU
3LW]HUSDUDPHWHUVZHUHUHSHDWHGLQHDFKRIWKHWZRDSSURDFKHV7KHVLPSOHOLQHDUL]DWLRQZDVDGRSWHG
EHFDXVHLWUHVXOWHGLQVOLJKWO\EHWWHUILWVRIWKHDFWLYLW\RVPRWLFFRHIILFLHQWGDWDLQWKHLVRWKHUPDO
UHJUHVVLRQVWKDQGLGVHWWLQJ&φWR]HUR
8VLQJWKHOLQHDUFRUUHODWLRQIRU&φWKHVXEVHTXHQWWHPSHUDWXUHSORWVRIβDQGβZHUHIDLUO\
OLQHDUVRWKH\WRRZHUHOLQHDUL]HGDQGWKHLVRWKHUPDOUHJUHVVLRQVZHUHDJDLQUHSHDWHGIRUWKH
UHPDLQLQJWZRSDUDPHWHUVλ+&O+&ODQGλ+&O&Oλ+&O+7KHVHWZRSDUDPHWHUVGHYLDWHGIURP
WKHLUUHVSHFWLYHJHQHUDOWUHQGVDWDQGÛ&+ROPHVHWDOQRWHGWKDWWKHDFWLYLW\FRHIILFLHQW
GDWDRI&HUTXHWWLHWDOGHYLDWHGDWKLJKPRODOLWLHVIURPWKHSUHGLFWLRQVRIWKHLUPRGHOWKH
KLJKHVWGHYLDWLRQRFFXUULQJDWÛ&:HQRWHGWKDWWKHGDWDRI&HUTXHWWLHWDOZHUH
FRQVLVWHQWO\ORZHUWKDQWKHSUHGLFWLRQVRIRXULVRWKHUPDOSDUDPHWHUL]DWLRQVDW7≥Û&DQG
VWRLFKLRPHWULFFRQFHQWUDWLRQVJUHDWHUWKDQPRODOZLWKWKHGHYLDWLRQVLQFUHDVLQJZLWKLQFUHDVLQJ
WHPSHUDWXUH&RQVHTXHQWO\WKHZHLJKWLQJIDFWRUIRUWKHDFWLYLW\FRHIILFLHQWGDWDRI&HUTXHWWLHWDO
DWP!PRODOZDVVHWWR]HURDWDQGÛ&DQGWKHLVRWKHUPDOUHJUHVVLRQVZHUHUHSHDWHGDW
WKHVHWZRWHPSHUDWXUHV7KHUHVXOWLQJLVRWKHUPDOYDOXHVIRUλ+&O+&ODQGλ+&O&Oλ+&O+DW
DQGÛ&IHOOQLFHO\RQWRWKHJHQHUDOWHPSHUDWXUHWUHQGVIRUPHGE\WKHLUUHVSHFWLYHYDOXHVDWRWKHU
WHPSHUDWXUHV)LJXUHV	VKRZWKHLPSURYHGFRQVLVWHQF\UHVXOWLQJIURPQRWXVLQJWKHKLJK
PRODOLW\GDWDRI&HUTXHWWLHWDODWDQGÛ&7KHLPSURYHGVHWRIYDOXHVZHUHXVHGLQWKH
ILQDOWHPSHUDWXUHFXUYHILWWLQJRIλ+&O+&ODQGλ+&O&Oλ+&O+WRWKHIXOOFRHIILFLHQWIXQFWLRQDO
IRUPRI$63(13OXV
7KHFRPSDULVRQEHWZHHQWKHDFWLYLW\DQGRVPRWLFFRHIILFLHQWGDWDXVHGLQWKHUHJUHVVLRQDQG
WKHSUHGLFWLRQVRIRXUSDUDPHWHUL]DWLRQLVGLVSOD\HGLQ)LJXUHV	UHVSHFWLYHO\7KHDJUHHPHQWLV
YHU\JRRGDQDYHUDJHDEVROXWHGHYLDWLRQRIIRUDFWLYLW\FRHIILFLHQWDQGIRURVPRWLF
FRHIILFLHQW'HYLDWLRQRUUHVLGXDOLVLQWHUPVRIGDWDSUHGLFWHGGDWD7KHYDULDWLRQLQUHVLGXDOIRU
RVPRWLFFRHIILFLHQWKRZHYHULVJUHDWHUWKDQIRUWKHDFWLYLW\FRHIILFLHQWEHFDXVHRIWKHLQKHUHQWHUURULQ
WKH9/(GDWDXVHGWRHVWLPDWHWKHRVPRWLFFRHIILFLHQWVDWKLJKPRODOLWLHVDQGKLJKWHPSHUDWXUHV7KH
DYHUDJHDEVROXWHGHYLDWLRQRIWKHSUHGLFWLRQVIURPWKHRVPRWLFFRHIIFLHQWVFDOFXODWHGIURPWKH,&7
ZDWHUSDUWLDOSUHVVXUHGDWDDWPDQGÛ&IRUH[DPSOHLVZKLFKLVFRQVLVWHQWZLWKWKH
DVVXPHGHUURURIWKHZDWHUSDUWLDOSUHVVXUHGDWD
$JUHHPHQWZLWKORZPRODOLW\DFWLYLW\FRHIILFLHQWGDWDQRWXVHGLQWKHUHJUHVVLRQLVDOVRYHU\
JRRGDQDYHUDJHDEVROXWHGHYLDWLRQRIIRUWKHGDWDRI+DUQHG	2ZHQ0DFDVNLOOHWDO
DQG3DUWDQHQ	&RYLQJWRQDWDQGÛ&VHH)LJXUH)LJXUHVKRZV
WKHUHODWLYHO\SRRUDJUHHPHQWEHWZHHQRXUSDUDPHWHUL]DWLRQRIWKH3LW]HUPRGHODQGWKHKLJKPRODOLW\
GDWDRI&HUTXHWWLHWDODWDQGÛ&WKDWZDVH[FOXGHGIURPWKHUHJUHVVLRQV7KHDYHUDJH
GHYLDWLRQRIWKHHLJKWGDWDSRLQWVLV7KHODUJHVWGHYLDWLRQRIRFFXUUHGDWÛ&DQG
PRODOFRPSDUHGWRWKHPD[LPXPGLIIHUHQFHQRWHGE\+ROPHVHWDOZLWKWKHLU
SDUDPHWHUL]DWLRQ
3UHGLFWHG([WHQWRI'LVVRFLDWLRQDQG0RODO$FWLYLW\&RHIILFLHQWRI$VVRFLDWHG+&O
7KHSUHGLFWHGH[WHQWRIGLVVRFLDWLRQZLWKUHVSHFWWRFRQFHQWUDWLRQDQGWHPSHUDWXUHLVGLVSOD\HG
LQ)LJXUH7KHPRGHOSUHGLFWLRQVDJUHHZLWKWKHDVVHUWLRQRIRWKHUUHVHDUFKHUVWKDWWKHDVVRFLDWLRQRI
K\GURFKORULFDFLGLVPLQLPDOLQRXUWDUJHWFRQFHQWUDWLRQDQGWHPSHUDWXUHUDQJHV

7KHSUHGLFWHGPRODODFWLYLW\FRHIILFLHQWRIDVVRFLDWHGPROHFXODU+&OLVGLVSOD\HGLQ)LJXUH
7KHYDOXHVDUHPRVWO\EHORZRQHDWWKHORZHUWHPSHUDWXUHVDQGWKHDFWLYLW\FRHIILFLHQWYV
FRQFHQWUDWLRQFXUYHGRHVQ¶WEHFRPHPRQRWRQLFDOO\LQFUHDVLQJIURPDYDOXHRIRQHDWLQILQLWHGLOXWLRQ
XQWLOÛ&7KHWUHQGRIWKHDFWLYLW\FRHIILFLHQWLQFUHDVLQJZLWKLQFUHDVLQJWHPSHUDWXUHDWDJLYHQ
FRQFHQWUDWLRQLVWKHUHYHUVHRIWKHWUHQGIRUQLWULFDFLGVHH)LJ
,QWHUHVWLQJO\WKHLQFOXVLRQRIµ+&O+&O+&ODWÛ&LQWKHSUHOLPLQDU\UHJUHVVLRQVFDXVHGWKH
YDOXHVRIWKHDFWLYLW\FRHIILFLHQWRIWKHDVVRFLDWHGDFLGWREHODUJHUFORVHUWRRQHDWGLOXWH
FRQFHQWUDWLRQVDQGDERYHRQHDWKLJKHUFRQFHQWUDWLRQV,WZDVPHQWLRQHGHDUOLHUKRZHYHUWKDWWKH
LQFOXVLRQRIµ+&O+&O+&ODWÛ&LQWKHSUHOLPLQDU\UHJUHVVLRQVGHFUHDVHGWKHDFFXUDF\RIWKHDFWLYLW\
DQGRVPRWLFFRHIILFLHQWSUHGLFWLRQVDQGZDVFRQVHTXHQWO\GURSSHGIURPWKHPRGHO:LWKRXWH[WHQWRI
GLVVRFLDWLRQGDWDDQGRUDUHOLDEOHYDOXHRIWKHGLVVRFLDWLRQFRQVWDQWWKHVWRLFKLRPHWULFPRODODFWLYLW\
DQGRVPRWLFFRHIILFLHQWGDWDGRQRWFRQVWUDLQWKHWKHUPRG\QDPLFVHQRXJKWRDFFXUDWHO\GHWHUPLQH
GLVVRFLDWLRQDQGDFWLYLW\FRHIILFLHQWRIWKHDVVRFLDWHGDFLG)LJVDQGDUHJLYHQWKHUHIRUHQRWDV
YDOLGDWHGUHSUHVHQWDWLRQVRIUHDOLW\EXWDVSRVVLELOLWLHVDQGWRJLYHLQVLJKWLQWRWKHSUHGLFWLYH
WKHUPRG\QDPLFQDWXUHRIRXUSDUDPHWHUL]DWLRQRIWKH3LW]HUPRGHO
+HQU\¶V/DZ&RQVWDQW
)ULW]	)XJHWGLGQRWDVVHVVWKH,&7YDSRUSUHVVXUHGDWDDERYHÛ&EXWZHDVVXPH
WKDWWKH+&OSDUWLDOSUHVVXUHGDWDEHWZHHQDQGPRODOLQWKHÛ&UDQJHKDVVLPLODUDFFXUDF\
DVGHWHUPLQHGIRUWKHÛ&UDQJH±DQGWKDWWKHWUHQGRIGHFUHDVLQJGHYLDWLRQZLWKLQFUHDVLQJ
WHPSHUDWXUHIRU!PRODOFRQWLQXHVSDVWÛ&&RQVHTXHQWO\WKH+&OSDUWLDOSUHVVXUHGDWDRI,&7
DW!PRODODQGÛ&ZDVFRPELQHGZLWKWKDWRI)ULW]	)XJHWDWPRODODQGÛ
&WRUHJUHVVWKHWHPSHUDWXUHFRHIILFLHQWVRIWKH+HQU\¶VODZFRQVWDQWXVLQJWKHFRUUHODWLRQVIRUWKH
HTXLOLEULXPFRQVWDQWDQGWKH3LW]HUSDUDPHWHUVSUHYLRXVO\GHWHUPLQHG7KHUHVXOWLQJSDUDPHWHUL]DWLRQ
UHSURGXFHVWKHUHJUHVVHGGDWDYHU\ZHOODYHUDJHDEVROXWHGHYLDWLRQRIRYHUDVSDQRIRUGHUV
RIPDJQLWXGHLQ+&OSDUWLDOSUHVVXUHDVFDQEHVHHLQ)LJXUH6RPHKLJKWHPSHUDWXUH7!Û&
GDWDEHORZPRODOWKDWZDVQRWXVHGLQWKHUHJUHVVLRQLVDOVRGLVSOD\HGLQ)LJDQGRQHFDQVHHWKDW
WKHPRGHOXQGHUSUHGLFWVWKRVHSRLQWV7KLVXQGHUSUHGLFWLRQLVFRQVLVWHQWZLWKWKHNQRZQV\VWHPDWLF
HUURURIWKH,&7ORZWHPSHUDWXUHGDWD
$VDGGLWLRQDOYDOLGDWLRQRIWKHPRGHO¶V9/(SUHGLFWLYHFDSDELOLW\DFRPSDULVRQRIWKHPRGHO
SUHGLFWLRQVZLWKWKHERLOLQJSRLQWGDWDRI6DNRHWDODWRQHDWPRVSKHUHWRWDOSUHVVXUHDQGWKH
WRWDOSUHVVXUHYVERLOLQJWHPSHUDWXUHRI6DNRHWDODUHVKRZQLQ7DEOHV	UHVSHFWLYHO\
)RUWKHGDWDDWRQHDWPRVSKHUHWRWDOSUHVVXUHRQHFDQVHHIURP7DEOHWKDWWKHPRGHODSSUHFLDEO\
XQGHUSUHGLFWVWKHGDWDEHORZPRODOVLPLODUWRWKH,&7GDWD$VVXPLQJWKHJDVSKDVHLVLGHDODQG
XVLQJ(TV>@	>>WKHILUVWGDWDSRLQWRI6DNRHWDODWÛ&DQGPRODO
FRUUHVSRQGVWRDQRVPRWLFFRHIILFLHQWRIZKLFKLVDERXWORZHUWKDQZKDWRXU
SDUDPHWHUL]DWLRQDQG0RGHO,RI+ROPHVHWDOSUHGLFW3HUKDSVWKH6DNRHWDOGDWDKDVD
V\VWHPDWLFHUURUDWORZPRODOLWLHVVLPLODUWRWKDWRI,&7
,Q7DEOHLVFRPSDUHGWKHWRWDOSUHVVXUHGDWDRI6DNRHWDOIRUDTXHRXV+&OSDUWLDO
SUHVVXUHGDWDLVQRWJLYHQWKHSUHGLFWLRQVRIRXUSDUDPHWHUL]DWLRQRIWKH3LW]HUPRGHODQGWKH
SUHGLFWLRQVRIDQ(157/PRGHORI/XFNDV	(GHQSURSRVHGIRUPRODODQGÛ&
/XFNDV	(GHQUHJUHVVHGD+HQU\¶VODZFRQVWDQWWR+&OSDUWLDOSUHVVXUHGDWDDWÛ&DQG
WKHQFRQFOXGHGWKDWWKHLUPRGHOZDVDFFXUDWHXSWRÛ&VROHO\EDVHGXSRQWKHDJUHHPHQWEHWZHHQ
WKHLUPRGHODQGWKHWRWDOSUHVVXUHGDWDRI6DNRHWDO+RZHYHURQHFDQVHHDIHZFDVHVLQ
7DEOHZKHUHWKHSHUFHQWGHYLDWLRQIURPWKHWRWDOSUHVVXUHGDWDLVVPDOOIRUERWKPRGHOVEXWWKH
SUHGLFWHG+&OSDUWLDOSUHVVXUHVIURPWKHWZRPRGHOVDUHDSSUHFLDEO\GLIIHUHQWDVKLJKDV
GLIIHUHQWDWPRODODQGÛ&&RQVHTXHQWO\RQHQHHGVWREHFDXWLRXVEHIRUHDVVHUWLQJDFFXUDF\RI
D9/(PRGHOEDVHGVROHO\RQDSSDUHQWDJUHHPHQWZLWKDQDJJUHJDWHYDULDEOHVXFKDVWRWDOSUHVVXUH
2XUPRGHOKDVDQDYHUDJHDEVROXWHGHYLDWLRQRIIURPWKHGDWD

&DUVODZHWDOXVHGHQWKDOS\RIGLOXWLRQSDUWLDOPRODUKHDWFDSDFLW\HPI9/(DQG
IUHH]LQJSRLQWGDWDWRSDUDPHWHUL]HDPROHIUDFWLRQDFWLYLW\FRHIILFLHQWPRGHODQGFRUUHVSRQGLQJ
+HQU\¶VODZFRQVWDQWDSSOLFDEOHIRUWRÛ&DVVXPLQJFRPSOHWHGLVVRFLDWLRQRIWKHDFLG8VLQJ
(T$RI$SSHQGL[$DQGRXUDVVXPHGFRUUHODWLRQIRUWKHGLVVRFLDWLRQFRQVWDQWYDOXHVRIWKH+HQU\¶V
ODZFRQVWDQWEDVHGRQFRPSOHWHGLVVRFLDWLRQDQGVWRLFKLRPHWULFLRQLFPRODOLWLHVUDWKHUWKDQWKH
DVVRFLDWHGVSHFLHVDUHFDOFXODWHG7KH\DUHFRPSDUHGZLWKWKHYDOXHVRI&DUVODZHWDODWÛ
LQFUHPHQWVLQ)LJXUH2QHFDQVHHWKDWWKH+HQU\¶VODZFRQVWDQWLQWKHFRPSOHWHGLVVRFLDWLRQIRUP
RI&DUVODZHWDOFDOFXODWHGIURPRXUSDUDPHWHUL]HGPRGHOLVFRQVLVWHQWZLWKWKDWRI&DUVODZHW
DOWKHPVHOYHV)RUWKHDSSOLFDEOHRYHUODSUDQJHRIWKHWZRPRGHOVÛ&WKHDYHUDJH
DEVROXWHGHYLDWLRQEHWZHHQWKHWZRLVRQO\9DOXHVIURP&DUVODZHWDOIRUWRÛ&
WKHDYHUDJHRIERWKPRGHOVIRUÛ&DQGWKHYDOXHVIURPRXUPRGHOIRUÛ&ZHUHXVHGWR
GHYHORSWKHIROORZLQJFRUUHODWLRQIRUWKHFRPSOHWHGLVVRFLDWLRQ+HQU\¶VODZFRQVWDQWGHILQHGE\(T
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DSSOLFDEOHIRUWRÛ&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ZKHUH7LVLQGHJUHHV.HOYLQ7KHDERYHFRUUHODWLRQLVUHFRPPHQGHGIRUWKRVHZKRVHPRGHOLQJ
FRQGLWLRQVDQGRUVRIWZDUHHQYLURQPHQWDUHDPHQGDEOHWRLJQRULQJDVVRFLDWLRQ7KHFRUUHODWLRQLV
SORWWHGLQ)LJXUH
7KHSDUDPHWHUL]DWLRQRIWKHDVVRFLDWLRQEDVHG3LW]HUPRGHODQG+HQU\¶VODZIRU+&OSURSRVHG
LQWKLVZRUNDUHYDOLGIRUPRODODQGÛ&DWVDWXUDWLRQRUDWPRVSKHULFSUHVVXUHVDQGDUH
UHDGLO\XVDEOHLQ$63(13OXV7KHPRGHOLVFRQVLVWHQWZLWKWKHDFWLYLW\RVPRWLFFRHIILFLHQW
SUHGLFWLRQVRIWKHKLJKWHPSHUDWXUHKLJKSUHVVXUHPRGHUDWHFRQFHQWUDWLRQSDUDPHWHUL]DWLRQRI0RGHO
,RI+ROPHVHWDODQGWKHORZWHPSHUDWXUHFRUUHODWLRQRIWKH+HQU\¶VODZFRQVWDQWRI&DUVODZ
HWDO
:HDUHQRWDZDUHRIDQ\RWKHUPRODOLW\EDVHG3LW]HUPRGHOIRUDTXHRXV+&OLQWKHOLWHUDWXUH
WKDWLVDSSOLFDEOHWRVXFKEURDGFRQFHQWUDWLRQDQGWHPSHUDWXUHUDQJHVDQGLVOLPLWHGWRRQO\WKHWKLUG
YLULDOFRHIILFLHQWDQGKDVWKHYDOXHVRIEDQGαDVRULJLQDOO\SURSRVHGE\3LW]HU7KH3LW]HUEDVHGLRQ
DVVRFLDWLRQLQWHUDFWLRQPRGHORI6LPRQVRQHWDOXVHVRQO\XSWRWKHWKLUGYLULDOFRHIILFLHQWDQG
LVDSSOLFDEOHWRPXFKODUJHUWHPSHUDWXUHDQGSUHVVXUHUDQJHVEXWLWLVOLPLWHGWRPRODO7KH
SDUDPHWHUL]DWLRQVRI0RGHO,,DQG0RGHO,,,RI+ROPHVHWDODOWKRXJKDSSOLFDEOHWRPXFK
ODUJHUWHPSHUDWXUHDQGSUHVVXUHUDQJHVIRUPRODOUHTXLUHVDIRXUWKYLULDOFRHIILFLHQWRUD
WHPSHUDWXUHGHSHQGHQWYDOXHRIαUHVSHFWLYHO\DQGDUHWKHUHIRUHQRWUHDGLO\XVDEOHLQ$63(13OXV
3HUH]9LOODVHQRUHWDOKDYHGHYHORSHGD3LW]HUPRGHOIUDPHZRUNIRUÛ&DQGXSWRPRODO
IRUXQLYDOHQWHOHFWURO\WHVEXWWKHLUYDOXHRIαLV]HURDQGWKHLUYDOXHVRIEDUHUHJUHVVHGDQGDUH
HOHFWURO\WHGHSHQGHQW$IORDWLQJYDOXHIRUEDQGDXQLYHUVDOYDOXHRI]HURIRUαDUHQRWFRPSDWLEOH
ZLWKWKHFXUUHQWLPSOHPHQWDWLRQRIWKH3LW]HUPRGHOLQ$63(13OXV
3RWDVVLXP&KORULGH.&O
&RPSOHWHGLVVRFLDWLRQZDVDVVXPHGIRUWKLVVDOW&RQFHLFDRHWDOUHSRUWWKHPHDQ
PRODODFWLYLW\FRHIILFLHQWVDWVDWXUDWLRQIRU.&OIURPWRÛ&XVLQJWKHELQDU\3LW]HUSDUDPHWHUV
IRU.&OGHWHUPLQHGE\+ROPHV	0HVPHUIURPLVRSLHVWLFDQGYDSRUSUHVVXUHPHDVXUHPHQWV
HOHFWURFKHPLFDOFHOOSRWHQWLDOVIUHH]LQJWHPSHUDWXUHGHWHUPLQDWLRQVHQWKDOSLHVRIVROXWLRQDQG
GLOXWLRQDQGKHDWFDSDFLWLHV&RQFHLFDRHWDOYDOLGDWHGWKH3LW]HUSDUDPHWHUYDOXHVZLWK
VROXELOLW\GDWDLQDPDQQHUVLPLODUWRWKDWZKLFK3LW]HUHWDOGLGIRU1D&O7KHVHH[SHULPHQWDO
VDWXUDWLRQPRODOLWLHVDQGWKHFRUUHVSRQGLQJSUHGLFWHGDFWLYLW\FRHIILFLHQWVIRUÛ&PVDW
ZHUHXVHGE\XVWRFDOFXODWHWKHWKHUPRG\QDPLFVROXELOLW\SURGXFWIRU.&ODWVHYHUDO
WHPSHUDWXUHV7KHFRHIILFLHQWVIRUWKHWHPSHUDWXUHGHSHQGHQWFRUUHODWLRQIRUWKHVROXELOLW\SURGXFW
(T>@ZHUHWKHQUHJUHVVHG

7KHYDOXHRIWKHVROXELOLW\SURGXFWDWÛ&LVZKLFKLVFRQVLVWHQWZLWKYDOXHVIURPWKH
OLWHUDWXUHDQG:HEHU6LOOHQ	0DUWHOO&KULVWRY
6LOOHQ	0DUWHOODQG/XHWDOUHVSHFWLYHO\+RZHYHURQHFDQQRWDVVXPHDJUHHPHQW
EHWZHHQWHPSHUDWXUHGHSHQGHQWFRUUHODWLRQVRIGLIIHUHQWUHVHDUFKHUVPRGHOVEDVHGPHUHO\RQ
DJUHHPHQWDWRQHWHPSHUDWXUH)RUH[DPSOHWKHVROXELOLW\SURGXFWIURPWKHPRGHORI/XHWDO
LVDSSUHFLDEO\GLIIHUHQWWKDQRXUVDWWHPSHUDWXUHVRWKHUWKDQÛ&GHVSLWHKDYLQJWKHVDPHYDOXHRI
DWURRPWHPSHUDWXUH7KHVROXELOLW\SURGXFWRIWKHVROYDWLRQEDVHGPRGHORI/XHWDO
FKDQJHVDOPRVWILYHRUGHUVRIPDJQLWXGHRYHUWKHWHPSHUDWXUHUDQJHÛ&IURPDYDOXHRIDW
Û&WR;DWÛ&FRPSDUHGWRRXUSDUDPHWHUL]DWLRQRIWKH3LW]HUPRGHOWKDWJLYHVD
YDOXHRIDWÛ&DQGDWÛ&
7KH$63(13OXVWHPSHUDWXUHGHSHQGHQWFRHIILFLHQWVIRUWKHELQDU\SDUDPHWHUV(T>@
ZHUHUHJUHVVHGIURPWKHWHPSHUDWXUHGHSHQGHQWFRUUHODWLRQJLYHQE\*UHHQEHUJ	0ROOHUIRU
Û&DQG,P7KHFRUUHODWLRQVRI*UHHQEHUJ	0ROOHUZHUHDVVHVVHGE\FRPSDULQJ
SUHGLFWLRQVZLWKWKHIROORZLQJDFWLYLW\RVPRWLFFRHIILFLHQWGDWDIRUWKH.&O+2V\VWHP5RELQVRQ	
6WRNHVDQG+DPHU	:XDWÛ&+DUQHG	2ZHQSJDWÛ&+HOODPV
HWDODWÛ&+XPSKULHVHWDODWÛ&0RRUHHWDODQGWKHGDWDRI6QLSHVHWDO
DVJLYHQE\=HPDLWLVHWDOSJDWÛ&DQG+ROPHVHWDODWÛ&7KHUH
ZDVJRRGDJUHHPHQW7KHUHLVDSSUHFLDEOHYDULDELOLW\LQWKHGDWDDWÛ&UHIOHFWLQJGLIIHUHQFHV
EHWZHHQGLIIHUHQWUHVHDUFKHUVLQPHWKRGVDVVXPSWLRQVDQGPRGHOVXVHGWRFROOHFWDQGLQWHUSUHWWKH
GDWD
7KH$63(13OXVWHPSHUDWXUHGHSHQGHQWFRUUHODWLRQVIRUWKHELQDU\3LW]HUSDUDPHWHUV
WUDQVIRUPHGIURP*UHHQEHUJ	0ROOHUDQGWKHVROXELOLW\SURGXFWZHUHWKHQXVHGZLWKRWKHU
PXOWLHOHFWURO\WHVROXWLRQVLQHTXLOLEULXPZLWKVROLGSRWDVVLXPFKORULGHWRUHJUHVVPL[LQJSDUDPHWHUV
IRU+&O.&OLQWHUDFWLRQV
6RGLXP&KORULGH1D&O
&RPSOHWHGLVVRFLDWLRQLVDVVXPHGIRUWKLVVDOW3LW]HUHWDOSHUIRUPHGDQH[WHQVLYH
DQDO\VLVRIWKHWKHUPRG\QDPLFSURSHUWLHVRIVRGLXPFKORULGHIRU.7KH\XVHGH[SHULPHQWDO
PHDVXUHPHQWVRIRVPRWLFDFWLYLW\FRHIILFLHQWVHQWKDOS\DQGKHDWFDSDFLW\WRUHJUHVVWKH3LW]HUELQDU\
SDUDPHWHUVIRUVRGLXPFKORULGH:HILWWHGWKH$63(13OXVWHPSHUDWXUHGHSHQGHQWFRHIILFLHQWVIRUWKH
ELQDU\SDUDPHWHUVIURPWKHLUUHFRPPHQGHGYDOXHVRIWKHELQDU\SDUDPHWHUVJLYHQIRUÛ&
7KHVROXELOLW\GDWDRI1D&OLQZDWHURIRWKHUUHVHDUFKHUVZHUHXVHGE\3LW]HUHWDOWR
DVVHVVWKHYDOLGLW\RIWKHLUSDUDPHWHUL]DWLRQRIWKH3LW]HUPRGHO:HXVHGWKHVHH[SHULPHQWDO
VDWXUDWLRQPRODOLWLHVRI1D&OLQZDWHUDQGWKHFRUUHVSRQGLQJDFWLYLW\FRHIILFLHQWVSUHGLFWHGIURPWKHLU
SDUDPHWHUL]DWLRQWRFDOFXODWHWKHWKHUPRG\QDPLFVROXELOLW\SURGXFWIRU1D&ODWVHYHUDOWHPSHUDWXUHV
7KHFRHIILFLHQWVIRUWKH$63(13OXVWHPSHUDWXUHGHSHQGHQWFRUUHODWLRQIRUWKHVROXELOLW\SURGXFW
ZHUHWKHQUHJUHVVHG7KHYDOXHDWÛ&LVZKLFKLVFRQVLVWHQWZLWKYDOXHVIURPWKHOLWHUDWXUH
DQG:HEHU6LOOHQ	0DUWHOODQG/XHWDOUHVSHFWLYHO\
$JDLQKRZHYHUWKHVROXELOLW\SURGXFWIURPWKHPRGHORI/XHWDOLVDSSUHFLDEO\GLIIHUHQWWKDQ
RXUVDWWHPSHUDWXUHVRWKHUWKDQÛ&7KHVROXELOLW\SURGXFWRIWKHVROYDWLRQEDVHGPRGHORI/XHWDO
FKDQJHVIRXURUGHUVRIPDJQLWXGHRYHUWKHWHPSHUDWXUHUDQJHÛ&IURPDWÛ&WR
;DWÛ&FRPSDUHGWRRXUSDUDPHWHUL]DWLRQRIWKH3LW]HUPRGHOWKDWLVSDUDEROLFDQG
JLYHVDYDOXHRIDWÛ&DQGDWÛ&
7KHWHPSHUDWXUHGHSHQGHQWFRUUHODWLRQVIRUWKHVROXELOLW\SURGXFWDQGELQDU\SDUDPHWHUVZHUH
WKHQXVHGZLWKRWKHUPXOWLHOHFWURO\WHVROXWLRQVLQHTXLOLEULXPZLWKVROLGVRGLXPFKORULGHWRUHJUHVV
PL[LQJSDUDPHWHUVIRU+&O1D&OLQWHUDFWLRQV
&KORULGH0L[WXUHV+.1D&O

.&O1D&O+2,PÛ&
6LQFHERWKVRGLXPDQGSRWDVVLXPFKORULGHDUHEHLQJWUHDWHGDVFRPSOHWHO\GLVVRFLDWHGLQRXU
RXUSDUDPHWHUL]DWLRQRIWKH3LW]HUPRGHOWKHWHPSHUDWXUHGHSHQGHQWFRUUHODWLRQIRUWKHPL[LQJ
SDUDPHWHUVZHUHWDNHQIURP*UHHQEHUJ	0ROOHUDSSOLFDEOHWRÛ&DQG,P7KH
RVPRWLFFRHIILFLHQWGDWDRI'LQDQHHWDO#Û&DQGWKHPXOWLWHPSHUDWXUHVROXELOLW\GDWDRI
/LQNH	6HLGHOOSS&RQFHLFDRHWDODQG6WHUQHUHWDOFRYHULQJWKH
LRQLFVWUHQJWKUDQJHPZHUHXVHGWRDVVHVVWKHUHOLDELOLW\RIWKHVH3LW]HUPL[LQJSDUDPHWHUVIRU
.&O1D&ODQGWKHSUHGLFWLRQVFRPSDUHIDYRUDEO\ZLWKWKHGDWD
+&O.&O+2DQG+&O1D&O+2
$SSOLFDEOHGDWDLVDYDLODEOHRQO\IRUWKHWHPSHUDWXUHUDQJHÛ&VRDVLPSOHLQYHUVH
UHODWLRQVKLSZLWKWHPSHUDWXUHZDVDVVXPHGIRUWKHPL[LQJDQGQHXWUDOLRQSDUDPHWHUVIRUHDFKWHUQDU\
V\VWHPWRIDFLOLWDWHH[WUDSRODWLRQWRKLJKHUWHPSHUDWXUHV5HVHDUFKHUVFRPPRQO\DVVXPHOLQHDULW\RYHU
ODUJHWHPSHUDWXUHUDQJHVIRUPL[LQJSDUDPHWHUV&RQFHLFDRHWDO*UHHQEHUJ	0ROOHU
$FWLYLW\RVPRWLFFRHIILFLHQWDQGVROLGOLTXLGHTXLOLEULXP6/(GDWDDWÛ&IRU+&O.&O
+2+&O1D&O+2DQG+&O.&O1D&O+2ZHUHXVHGWRUHJUHVVVLPXOWDQHRXVO\DOOUHPDLQLQJ
3LW]HUSDUDPHWHUVH[FHSWIRU.&O1D&OLQWHUDFWLRQVZKLFKDUHIURP*UHHQEHUJ	0ROOHUIRU
WKHTXDWHUQDU\V\VWHPDWÛ&7KHUHVXOWLQJSHUWLQHQWSDUDPHWHUYDOXHVIRUHDFKWHUQDU\V\VWHPDW
Û&ZHUHWKHQDVVHVVHGZLWKUHVSHFWWRWKHPXOWLWHPSHUDWXUHGDWDIRUHDFKWHUQDU\V\VWHP,QWKH
FDVHRIWKHWHUQDU\V\VWHP+&O1D&O+2WKHSDUDPHWHUVIURPWKHJOREDOVLPXOWDQHRXVUHJUHVVLRQDW
Û&ILWUHODWLYHO\VPRRWKO\ZLWKWKHYDOXHVDWRWKHUWHPSHUDWXUHVDQGGLGQRWQHHGWREHFKDQJHG
+&O.&O+2QG,WHUDWLRQ
7KH+&O.&O+2V\VWHPKRZHYHUSRVHGVRPHSUREOHPV7KHUHLVRQO\VROXELOLW\GDWDDW
DQGÛ&7KH+&ODFWLYLW\FRHIILFLHQWGDWDRI+DUQHG	2ZHQIRUÛ&IRUVROXWLRQV
GLOXWHLQ+&OZHUHSUHGLFWHGWRRKLJKZKHQWKHWHUQDU\3FRHIILFLHQWVRI(T>@ZHUHKHOGWRWKHLU
YDOXHIURPWKHJOREDOVLPXOWDQHRXVUHJUHVVLRQDWÛ&7KHPRODULW\RIK\GURFKORULFDFLGZDV
FRQVWDQWDWZKLOHWKHPRODOLW\RI.&OUDQJHGIURPWRP7KHGHYLDWLRQRIWKHSUHGLFWHG
YDOXHVLQFUHDVHGZLWKLQFUHDVLQJWHPSHUDWXUHDQGLQFUHDVLQJSRWDVVLXPFKORULGHFRQFHQWUDWLRQ7KH
HUURUZDVQHJOLJLEOHDWÛEXWDWWKHKLJKHVW.&OFRQFHQWUDWLRQRIPWKHSUHGLFWLRQVZHUHWRR
KLJKDWÛDQGDERXWDWÛ&
,WZDVGHVLUHGWRPDLQWDLQHTXDOZHLJKWLQJEHWZHHQWKHDFWLYLW\FRHIILFLHQWGLOXWHDQG
VROXELOLW\FRQFHQWUDWHGGDWDLQRUGHUWRPDLQWDLQDEDODQFHRIWKHPRGHO¶VSUHGLFWLYHFDSDELOLW\
EHWZHHQGLOXWHDQGFRQFHQWUDWHGVROXWLRQWKHUPRG\QDPLFV&RQVHTXHQWO\LVRWKHUPDOSDUDPHWHU
UHJUHVVLRQVZHUHSHUIRUPHGRIWKHWHUQDU\GDWD7KHODPGDSDUDPHWHUλ+&O&Oλ+&O.ZDVVHW
HTXDOWR]HURDWWHPSHUDWXUHVODFNLQJVROXELOLW\GDWDEHFDXVHWKHFRQFHQWUDWLRQRIDVVRFLDWHG+&OFDQ
EHDVVXPHGWREHQHJOLJLEOHLQWKHGLOXWHVROXWLRQVFRUUHVSRQGLQJWRWKH+DUQHG	2ZHQ
DFWLYLW\FRHIILFLHQWGDWD7KHPL[LQJSDUDPHWHUWKHWDDSSHDUHGUHODWLYHO\OLQHDUVRLWZDVOLQHDUL]HG
ZLWKUHVSHFWWRWKHLQYHUVHRIWHPSHUDWXUHXVLQJDOOWKHLVRWKHUPV,VRWKHUPDOUHJUHVVLRQVZHUH
UHSHDWHGWRREWDLQQHZYDOXHVIRUSVLDQGODPGD/DPGDλ+&O&Oλ+&O.ZDVWKHQOLQHDUL]HG
IURPWKHRQO\WZRDSSOLFDEOHLVRWKHUPDOUHJUHVVLRQVDQGÛ&3VLKDGDJHQHUDOXSZDUGWUHQG
ZLWKUHVSHFWWRWHPSHUDWXUHEXWWKHUHZDVDSSUHFLDEOHVFDWWHULQWKHLVRWKHUPDOYDOXHVHVSHFLDOO\DW
Û&GXHWRWKHVROXELOLW\GDWD/LQHDUL]LQJSVLXVLQJDOOWKHLVRWKHUPVUHVXOWHGLQXQDFFHSWDEO\SRRU
SUHGLFWLRQVIRUVROXELOLW\&RQVHTXHQWO\SVLZDVOLQHDUL]HGXVLQJMXVWWKHWZRYDOXHVDW2DQGÛ&WR
FDSWXUHWKHFRQFHQWUDWLRQGHSHQGHQF\WKDWWKHVROXELOLW\GDWDDWWKRVHWZRWHPSHUDWXUHVRIIHUHG
2QHFRXOGREWDLQDEHWWHUILWRIWKHPXOWLWHPSHUDWXUHWHUQDU\GDWDEHWZHHQDQGÛ&E\
DOORZLQJSVLWRGHSHQGQRQOLQHDUO\RQWHPSHUDWXUHEXWWKDWUHVXOWHGLQDGHFUHDVLQJYDOXHRISVLZLWK

LQFUHDVLQJWHPSHUDWXUHDW7!Û&ZKLFKLVWKHLQYHUVHRIWKHRYHUDOOJHQHUDOXSZDUGWUHQGRIWKH
LVRWKHUPDOYDOXHV7KLVIDFWFRXSOHGZLWKWKHIDFWWKDWSVLLVFRPPRQO\GHWHUPLQHGWREHOLQHDUE\
RWKHUUHVHDUFKHUVLQWKHOLWHUDWXUHFDXVHGXVWRIHHOWKDWWKHYDOXHRISVLDQGWKHFRQILGHQFHRIWKH
PRGHO¶VSUHGLFWLYHFDSDFLW\IRUFRQFHQWUDWHGVROXWLRQZRXOGEHVXVSHFWSDVWÛ&LIWKHQRQOLQHDU
IRUPZDVXVHGIRUSVL&RQVHTXHQWO\XVLQJDFWLYLW\FRHIILFLHQWDQGVROXELOLW\GDWDDWWZRWHPSHUDWXUHV
WROLQHDUL]HSVLDQGλ+&O&Oλ+&O.VHHPHGWRSURYLGHDEHWWHUEDODQFHEHWZHHQ
GLOXWHFRQFHQWUDWHGDQGSDUDPHWHUVWDELOLW\SUHGLFWLYHDFFXUDF\
7KHSURFHGXUHGHVFULEHGDERYHUHVXOWHGLQDQDSSUHFLDEOHUHGXFWLRQLQWKHSUHGLFWHGGHYLDWLRQ
RIWKHDFWLYLW\FRHIILFLHQWGDWDDWWHPSHUDWXUHVJUHDWHUWKDQÛ&WKHGHYLDWLRQIRUPDWÛ&ZDV
DOPRVWFXWLQKDOIWRZKLOHORRVLQJVRPHDFFXUDF\IRUWKHWHUQDU\VROXELOLW\GDWDDWÛ&EXW
ORRVLQJQRDFFXUDF\IRUVROXELOLW\DWÛ&7KHPDLQFRVWZDVLQOHVVSUHGLFWLYHFDSDELOLW\IRUWKH
TXDWHUQDU\PL[WXUHDWÛ&HUURULQFUHDVHGWRIRUWKH+&ODFWLYLW\FRHIILFLHQWHUURU
LQFUHDVHGVOLJKWO\WRIRU1D&OVDWXUDWLRQDQGHUURUIRU.&OVDWXUDWLRQLQFUHDVHGWR
,QWHUHVWLQJO\WKHGHYLDWLRQRIWKHPRGHOIRU+&OSDUWLDOSUHVVXUHGDWDRYHU+&O.&O1D&O+2
PL[WXUHVDWÛ&GHFUHDVHGIURPWR
$VIXUWKHUYDOLGDWLRQRIWKHSDUDPHWHUVIRU+&O.&ODTXHRXVPL[WXUHVSUHGLFWLRQVRIWKH
VWRLFKLRPHWULFDFWLYLW\FRHIILFLHQWRI+&OLQVXFKPL[WXUHVIURPWRÛ&LRQLFVWUHQJWKVXSWR
PDQG.&OLRQLFVWUHQJWKIUDFWLRQVIURPWRZHUHFRPSDUHGZLWKYDOXHVFDOFXODWHGIURPWKH
HPIGDWDRI0DFDVNLOOHWDO7KHDYHUDJHDEVROXWHGHYLDWLRQZDVEXWWKHWUHQGZLWK
WHPSHUDWXUHZDVRSSRVLWHWKDWRIWKHUHJUHVVHGGDWDRI+DUQHG	2ZHQWKHDEVROXWHGHYLDWLRQ
GHFUHDVHGZLWKLQFUHDVLQJWHPSHUDWXUHIURPDWÛ&WRDWÛ&
7KHDYHUDJHDEVROXWHGHYLDWLRQIRUDOO+&OVWRLFKLRPHWULFDFWLYLW\FRHIILFLHQWGDWDUHJUHVVHG
DQGQRQUHJUHVVHGIRUÛ&ZDV7KHDYHUDJHDEVROXWHGHYLDWLRQIRUDOOUHJUHVVHG.&O
VROXELOLW\GDWDLQWKHWHUQDU\V\VWHPDWDQGÛ&ZDV
+&O.&O+2UG,WHUDWLRQ
7KHHPIGDWDRI0DFDVNLOOHWDOZDVLQFOXGHGLQWKHDFWLYLW\FRHIILFLHQWGDWDVHWIRU
QHZLVRWKHUPDOUHJUHVVLRQVSHUIRUPHGDWGHJUHHLQWHUYDOVEHWZHHQDQGÛ&7KHOLQHDU
UHODWLRQVKLSIRUλ+&O&Oλ+&O.WKDWZDVGHWHUPLQHGLQWKHSUHYLRXVVHFRQGLWHUDWLRQZDVNHSW
IL[LQJWKHYDOXHVRIWKLV3LW]HUSDUDPHWHU7KHPL[LQJWHUPWKHWDZDVWKHQOLQHDUL]HGEHFDXVHLW
DSSHDUHGWREHPRUHOLQHDUWKDQSVL1HZLVRWKHUPDOUHJUHVVLRQVZHUHSHUIRUPHGIURPZKLFKSVLZDV
WKHQOLQHDUL]HG7KHUHVXOWZDVLPSURYHPHQWLQWKHSUHGLFWLYHFDSDFLW\IRU+&OVWRLFKLRPHWULFDFWLYLW\
FRHIILFLHQWDYHUDJHDEVROXWHGHYLDWLRQGHFUHDVHGIURPWR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PDJQLWXGHDVFDQEHVHHQLQ)LJXUH0XOWLWHPSHUDWXUHSUHGLFWLRQVRIWKHPRGHODUHGLVSOD\HGLQ
)LJXUH7KHFXUYHRIWKHDFWLYLW\FRHIILFLHQWYVVWRLFKLRPHWULFFRQFHQWUDWLRQFKDQJHVIRUP
EHWZHHQDQG°&)URP°&WKHFXUYHPRQRWRQLFDOO\LQFUHDVHVIURPDYDOXHRIRQHDW
LQILQLWHO\GLOXWH$W°&DQGDERYHKRZHYHUWKHFXUYHLVDSDUDERODZLWKDPLQLPDORZHUWKDQ
RQH1RWHWKDWWKHWHPSHUDWXUHGHSHQGHQF\GLVSOD\HGLQ)LJIRUQLWULFDFLGLVWKHUHYHUVHRIWKDW
GLVSOD\HGIRU+&OLQ)LJDWDJLYHQFRQFHQWUDWLRQWKHDFWLYLW\FRHIILFLHQWGHFUHDVHVZLWK
LQFUHDVLQJWHPSHUDWXUHLQWKHFDVHRIPROHFXODUQLWULFDFLGEXWLQFUHDVHVZLWKLQFUHDVLQJWHPSHUDWXUH
IRUPROHFXODU+&O
'LVVRFLDWLRQDQGDFWLYLW\FRHIILFLHQWGDWDZHUHJLYHQHTXDOZHLJKWLQWKHUHJUHVVLRQVEHFDXVH
ERWKGDWDW\SHVDSSHDUWRKDYHFRPSDUDEOHHUURUEDQGVVHH)LJV7KHUHIRUHVLQFHGDWDTXDOLW\
GRHVQ¶WDSSHDUWRIDYRUDQXQHTXDOZHLJKWLQJVFKHPHZHFKRVHWRNHHSWKHFXUUHQWHTXLOLEULXPDQG
3LW]HUSDUDPHWHUFRUUHODWLRQVDVUHJUHVVHGGHVSLWHWKHUHODWLYHO\SRRUHUILWWRWKHGLVVRFLDWLRQGDWDDW
°&+RZHYHUZHLJKWLQJVFKHPHVDUHVXEMHFWLYHDQGRQHFRXOGJLYHPRUHZHLJKWWRWKH
GLVVRFLDWLRQGDWDZLWKWKHLQWHQWWRLPSURYHWKHILWZLWKWKHH[WHQWRIGLVVRFLDWLRQDW°&IRU
H[DPSOHDWDSUREDEOHFRVWRIOHVVILWZLWKWKHDFWLYLW\FRHIILFLHQWYDOXHVIURPWKH&OHJJ	
%ULPEHOFRPEHFRUUHODWLRQ
+HQU\¶V/DZ&RQVWDQWDQG9DSRU/LTXLG(TXLOLEULXP
%HFDXVHRIWKHODFNRIDJUHHPHQWEHWZHHQYDULRXVSXEOLVKHG9/(GDWDIRUWKH+12+2
V\VWHPZKLFKKDVEHHQGLVFXVVHGHDUOLHUVHH)LJVLWLVQRWSRVVLEOHWRDUULYHDWDQDFWLYLW\
FRHIILFLHQWDQG+HQU\¶VODZPRGHOWKDWILWDOOWKH9/(GDWD:HWULHGWZRDSSURDFKHV,QWKHILUVWZH
XVHG(T>$@DQGRXUFRUUHODWLRQIRUWKHGLVVRFLDWLRQFRQVWDQW(T>@WRWUDQVIRUPDQDVVRFLDWLRQ
EDVHGFRUUHODWLRQIRUWKH+HQU\¶VODZFRQVWDQWLQ$63(13OXV¶IXQFWLRQDOIRUP(T>@IURPWKH
FRPSOHWHGLVVRFLDWLRQ+HQU\¶VODZFRUUHODWLRQRI&OHJJ	%ULPEOHFRPEH(TV	
,QWKHVHFRQGDSSURDFKZHXVHGWKHWHPSHUDWXUHFRUUHODWLRQVSUHYLRXVO\UHJUHVVHGIRUWKH
HTXLOLEULXPFRQVWDQWDQG3LW]HUSDUDPHWHUVDQGSHUIRUPHGLVRWKHUPDOUHJUHVVLRQVRIWKH+HQU\¶VODZ
FRQVWDQWDWÛ&XVLQJWKH9/(GDWDRI3HUU\	*UHHQ7KHWHPSHUDWXUHGHSHQGHQW
FRUUHODWLRQIRUWKH+HQU\¶VODZFRQVWDQWZDVWKHQILWWHGIURPWKHLVRWKHUPDOUHVXOWV3HUU\	*UHHQ
ZDVFKRVHQIRUVHYHUDOUHDVRQVLWLVDFRPPRQUHIHUHQFHIRUFKHPLFDOSURFHVVHQJLQHHUVWKH
PDLQWDUJHWHGXVHUVRIWKHPRGHOLWSURYLGHVDVLQJOHDQGKRSHIXOO\UHDVRQDEO\FRQVLVWHQWVHWRI
GDWDDWILYHGHJUHHLQFUHPHQWVIURPWRÛ&DQGLWDSSHDUVWREHWKHVDPHDVWKH,&7SS
GDWDDWVDWXUDWLRQSUHVVXUHDQGWKXVLWLQFRUSRUDWHVVRPH9/(GDWDXVHGE\&OHJJ	
%ULPEOHFRPEHDVZHOODVVRPHXQLTXHGDWD
2QHZRXOGQRWH[SHFWDSSUHFLDEO\GLIIHUHQW+HQU\¶VODZFRQVWDQWYDOXHVEHFDXVHRXU3LW]HU
DFWLYLW\FRHIILFLHQWPRGHOZDVSDUDPHWHUL]HGIURPWKHWHPSHUDWXUHGHSHQGHQWFRUUHODWLRQRI&OHJJ	
%ULPEOHFRPEHEXWRQHZRXOGH[SHFWVRPHGLIIHUHQFHEHFDXVHRIWKHGLIIHUHQFHVEHWZHHQWKH
GDWDRI3HUU\	*UHHQDQGWKDWXVHGE\&OHJJ	%ULPEOHFRPEH$OVRRQHZRXOG
H[SHFWWKDWWKHVHFRQGDSSURDFKZRXOGUHVXOWLQDEHWWHUILWWRWKH3HUU\	*UHHQGDWDVLQFHWKDW
GDWDZDVXVHGWRUHJUHVVWKH+HQU\¶VODZFRQVWDQW)LJXUHVDQGVKRZWKDWVXFKLVWKHFDVH
7KHUHVXOWLQJ+HQU\¶VODZFRQVWDQWVIURPERWKDSSURDFKHVDUHSORWWHGLQ)LJ7KHWZR
FXUYHVRYHUOD\XSWRURRPWHPSHUDWXUHDQGWKHQGLYHUJH7KH3HUU\	*UHHQGDWDLVFRPSDUHG
ZLWKWKHSUHGLFWLRQVRIERWKDSSURDFKHVLQ)LJ7KHSUHGLFWLRQVRIWKHWZRDSSURDFKHVZHUH
HVVHQWLDOO\WKHVDPHDWDQGÛ&FRQVLVWHQWZLWK)LJ$WKLJKHUWHPSHUDWXUHVWKHSUHGLFWLRQVRI

WKHWUDQVIRUPHG&OHJJ	%ULPEOHFRPEH+HQU\¶VODZFRQVWDQWWUDQVIRUPHG&%DUHORZHUWKDQ
WKRVHRIWKHUHJUHVVHG+HQU\¶VODZFRQVWDQW,WDSSHDUVWKDWWKHWUDQVIRUPHG+HQU\¶VODZFRQVWDQWILWV
WKHGDWDEHWWHUDURXQGP!IRU7≥Û&7KLVGLIIHUHQFHLVORJLFDOJLYHQWKHIDFWWKDWWKH
WUDQVIRUPHG&%FRQVWDQWZDVGHYHORSHGIURPGDWDZLWKFRQFHQWUDWLRQVXSWRQLWULFDFLGDQGLWV
YDOXHDWWKHUHIHUHQFHWHPSHUDWXUHRIÛ&KDVDVWURQJSUHIHUHQFHIRUWKH+12SDUWLDOSUHVVXUHGDWD
RI7DQJHWDOZKLFKKDVORZHUYDOXHVWKDQVRPHRWKHUGDWDVRXUFHVVHH)LJ2YHUDOOWKH
UHJUHVVHG+HQU\¶VODZFRQVWDQWKDVDQDYHUDJHDEVROXWHGHYLDWLRQRIWRWKH3HUU\	*UHHQ
GDWDFRPSDUHGWRIRUWKHWUDQVIRUPHG&%
$FRPSDULVRQRIWKHWZRDSSURDFKHVZLWKWKHKLJKWHPSHUDWXUH9/(GDWDRI(OOLV	7KZDLWHV
ZKLFKZDVQRWXVHGLQWKHUHJUHVVLRQVRIDSSURDFKQRUFLWHGE\&OHJJ	%ULPEOHFRPEH
LVVKRZQLQ7DEOH7KHWUHQGVHYLGHQWZLWKWKHGDWDRI3HUU\	*UHHQDOVRDSSHDU
ZLWKWKDWRI(OOLV	7KZDLWHVWKHUHJUHVVHG+HQU\¶VODZFRQVWDQWLVVRPHZKDWEHWWHUDWDOOEXW
WKHKLJKPRODOLW\GDWDSRLQWP%RWK+HQU\¶VODZFRQVWDQWVDUHLQFOXGHGLQ7DEOH*LYHQ
WKHODUJHGLVDJUHHPHQWDPRQJWKHYDSRUOLTXLGHTXLOLEULXPGDWDIRUDTXHRXVQLWULFDFLGKRZHYHUZH
GRQRWIHHOWKDWHLWKHURIWKH+HQU\¶VODZFRQVWDQWFRUUHODWLRQVFDQFODLPSUHGLFWLYHVXSHULRULW\
,WLVFOHDUWKDWGHVSLWHEHLQJDPXFKVWXGLHGV\VWHPWKHWKHUPRG\QDPLFVRIDTXHRXVQLWULFDFLG
DUHQRWDVZHOOXQGHUVWRRGDVIRURWKHUV\VWHPV)LJVVXSSRUWWKHFRQFOXVLRQRI'DYLV	'H
%UXLQWKDWWKHUHLVDSSUHFLDEOHXQFHUWDLQW\LQH[SHULPHQWDOYDOXHVRIDFWLYLW\FRHIILFLHQWV
H[WHQWVRIGLVVRFLDWLRQDQGGLVVRFLDWLRQFRQVWDQWV)LJVVKRZWKHODUJHGLVDJUHHPHQWLQ9/(
GDWDIRUWKHV\VWHPDQGKHOSH[SODLQZK\&OHJJ	%ULPEOHFRPEHKDGGHYLDWLRQVXSWR
ZLWKWKHLUPROHIUDFWLRQPRGHO
2XUDVVRFLDWLRQEDVHGSDUDPHWHUL]DWLRQIRUWKH+12+2V\VWHPDSSHDUVWREHZLWKLQ
H[SHULPHQWDOHUURUDQGLVXQLTXHLQWKDWDVDPRODOLW\EDVHG3LW]HUPRGHOLWSUHGLFWVFKHPLFDO
HTXLOLEULXPDVZHOODVYDSRUOLTXLGHTXLOLEULXPDQGWKHXVXDOSURSHUWLHVRIDFWLYLW\DQGRVPRWLF
FRHIILFLHQWV
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7RFRPSDUHWKHWUDGLWLRQDOFRPSOHWHGLVVRFLDWLRQDQGWKHDVVRFLDWLRQEDVHGDSSURDFKHV
SUHGLFWLRQVIURPWKHWZRDSSURDFKHVDUHFRPSDUHGZLWKGDWDIRUWKHWZRDFLGELQDU\VROXWLRQVDWÛ
&7KHDVVRFLDWLRQEDVHGSDUDPHWHUL]DWLRQVXVHGLQWKLVFRPSDULVRQFRUUHVSRQGWRRXUILQDOPXOWL
WHPSHUDWXUHFRUUHODWLRQVJLYHQLQ7EOV7ZRFRPSOHWHGLVVRFLDWLRQVLQJOHWHPSHUDWXUH
SDUDPHWHUL]DWLRQVDUHXVHGREWDLQHGE\UHJUHVVLQJDFWLYLW\DQGRVPRWLFFRHIILFLHQWGDWDIRU
DQGPRODOIRU+&ODQG+12UHVSHFWLYHO\DQGWKDWJLYHQE\3LW]HUSJ(TXDO
ZHLJKWLQJIRUWKHWZRGDWDW\SHVVWRLFKLRPHWULFPRODODFWLYLW\FRHIILFLHQWDQGRVPRWLFFRHIILFLHQW
DQGIRUDOOFRQFHQWUDWLRQVZDVXVHGLQWKHH[WHQGHGFRPSOHWHGLVVRFLDWLRQSDUDPHWHUL]DWLRQZHSUHVHQW
KHUHDVZDVGRQHIRURXUDVVRFLDWLRQEDVHGSDUDPHWHUL]DWLRQ7KHFRPSOHWHGLVVRFLDWLRQ
SDUDPHWHUL]DWLRQVRI3LW]HUDUHRQO\XVHGWRFRPSDUHUHVXOWVIRUPEHFDXVHWKDWZDVWKHLU
WDUJHWHGFRQFHQWUDWLRQUDQJH7KHFRPSDULVRQUHVXOWVDUHVXPPDUL]HGLQ7DEOH
&RPSDULVRQ:LWK7UDGLWLRQDO/RZ0RODOLW\&RPSOHWH'LVVRFLDWLRQ0RGHO
+\GURFKORULF$FLG
P
7KHDYHUDJHDEVROXWHGHYLDWLRQRIWKHSUHGLFWHGVWRLFKLRPHWULFPRODODFWLYLW\FRHIILFLHQWRI
DTXHRXV+&OFDOFXODWHGZLWKWKHFRPSOHWHGLVVRFLDWLRQELQDU\SDUDPHWHUVJLYHQE\3LW]HUIRU
DOOWKHUHJUHVVHGDFWLYLW\FRHIILFLHQWGDWDXVHGLQRXUZRUNLQWKHPRODOUDQJHLVFRPSDUHG
WRIRURXUDVVRFLDWLRQEDVHGSDUDPHWHUL]DWLRQ:KHQWKHGDWDLVOLPLWHGWRMXVWWKDWRI5RELQVRQ
	6WRNHVIRUPRODOGDWDWKDWLVFRPPRQO\FLWHGWKHSUHGLFWLRQVXVLQJWKHFRPSOHWH
GLVVRFLDWLRQSDUDPHWHUL]DWLRQJLYHQE\3LW]HUKDYHDQDYHUDJHDEVROXWHGHYLDWLRQRI
FRPSDUHGWRIRURXUDVVRFLDWLRQEDVHG
3HUIRUPDQFHRI$VVRFLDWLRQ%DVHG0RGHO2YHU/DUJHU&RQFHQWUDWLRQ5DQJHP
7KHDYHUDJHDEVROXWHGHYLDWLRQRIWKHSUHGLFWHGVWRLFKLRPHWULFPRODODFWLYLW\FRHIILFLHQWRI
DTXHRXV+&OIURPDOOWKHUHJUHVVHGGDWDIRUPRODOLVIRURXUDVVRFLDWLRQEDVHGDSSURDFK
ZKLFKLVFORVHWRWKHGHYLDWLRQRIWKH3LW]HUSDUDPHWHUL]DWLRQIRUWKHOLPLWHGPRODOLW\
UDQJHPRODO7KHUHVXOWVZHUHVLPLODUIRURVPRWLFFRHIILFLHQWZKHUHWKHDYHUDJHDEVROXWH
GHYLDWLRQIRUWKHDVVRFLDWLRQEDVHGSDUDPHWHUL]DWLRQIRUPRODOLVFORVHWRWKDWRIWKH
3LW]HUFRPSOHWHGLVVRFLDWLRQSDUDPHWHUL]DWLRQOLPLWHGWRPRODO&RQVHTXHQWO\
DFFRXQWLQJIRUDVVRFLDWLRQLQDVWURQJDFLGDOORZVWKH3LW]HUPRGHOWRSUHGLFWXSWRKLJKPRODOLWLHVZLWK
WKHVDPHDFFXUDF\RIWKHWUDGLWLRQDO3LW]HUPRGHODWORZPRODOLWLHVYVIRUDFWLYLW\
FRHIILFLHQWDQGYVIRURVPRWLFFRHIILFLHQWLQWKHFDVHRI+&O
1LWULF$FLG
P
7KHDYHUDJHDEVROXWHGHYLDWLRQRIWKHSUHGLFWHGVWRLFKLRPHWULFPRODODFWLYLW\FRHIILFLHQWRI
DTXHRXV+12FDOFXODWHGZLWKWKHFRPSOHWHGLVVRFLDWLRQELQDU\SDUDPHWHUVJLYHQE\3LW]HUIRU
DOOWKHUHJUHVVHGDFWLYLW\FRHIILFLHQWGDWDXVHGLQRXUZRUNLQWKHPRODOUDQJHLVFRPSDUHG
WRIRURXUDVVRFLDWLRQEDVHGSDUDPHWHUL]DWLRQ:KHQWKHGDWDLVOLPLWHGWRMXVWWKDWRI+DPHU	
:XIRUPRODOIURPZKLFKWKHSDUDPHWHUVLQ3LW]HUZHUHUHJUHVVHGWKHSUHGLFWLRQV
XVLQJWKHFRPSOHWHGLVVRFLDWLRQSDUDPHWHUL]DWLRQJLYHQE\3LW]HUKDYHDQDYHUDJHDEVROXWH
GHYLDWLRQRIFRPSDUHGWRIRURXUDVVRFLDWLRQEDVHG

3HUIRUPDQFHRI$VVRFLDWLRQ%DVHG0RGHO2YHU/DUJHU&RQFHQWUDWLRQ5DQJHP
7KHDYHUDJHDEVROXWHGHYLDWLRQRIWKHSUHGLFWHGVWRLFKLRPHWULFPRODODFWLYLW\FRHIILFLHQWRI
DTXHRXV+12IURPDOOWKHUHJUHVVHGGDWDIRUPRODOLVIRURXUDVVRFLDWLRQEDVHGDSSURDFK
ZKLFKLVDSSUHFLDEO\ODUJHUWKDQWKHGHYLDWLRQRIWKH3LW]HUSDUDPHWHUL]DWLRQIRUWKH
OLPLWHGPRODOLW\UDQJHPRODO7KHUHVXOWVZHUHVLPLODUIRURVPRWLFFRHIILFLHQWZKHUHWKHDYHUDJH
DEVROXWHGHYLDWLRQIRUWKHDVVRFLDWLRQEDVHGSDUDPHWHUL]DWLRQIRUPRODOLVDSSUHFLDEO\
ODUJHUWKDQWKDWRIWKH3LW]HUFRPSOHWHGLVVRFLDWLRQSDUDPHWHUL]DWLRQOLPLWHGWRPRODO

8QOLNH+&OWKHDVVRFLDWLRQEDVHGSDUDPHWHUL]DWLRQIRU+12XSWRPRODOKDVZRUVH
SUHGLFWLYHDFFXUDF\WKDQWKDWRIWKHFRPSOHWHGLVVRFLDWLRQDSSURDFKOLPLWHGWRPRODODERXWGRXEOH
WKHDYHUDJHDEVROXWHGHYLDWLRQIRUDFWLYLW\FRHIILFLHQWYVDQGDERXWWLPHVJUHDWHU
YVIRURVPRWLFFRHIILFLHQW7KHUHZHUHWKUHHFRQVWUDLQWVRWKHUWKDQWKHLQFUHDVHG
FRQFHQWUDWLRQUDQJHLPSRVHGXSRQWKHDVVRFLDWLRQEDVHGSDUDPHWHUL]DWLRQWKDWZHUHQRWLPSRVHGXSRQ
WKHFRPSOHWHGLVVRFLDWLRQSDUDPHWHUL]DWLRQRI3LW]HUWKDWPD\H[SODLQWKHODUJHUGHYLDWLRQRI
WKHDVVRFLDWLRQEDVHGSDUDPHWHUL]DWLRQLWLVPXOWLWHPSHUDWXUHVRWKHSDUDPHWHUYDOXHVDWÛ&DUH
FRQVWUDLQHGE\KDYLQJWRPHUJHVPRRWKLQJZLWKYDOXHVRYHUWKHHQWLUHÛ&UDQJHIURPZKLFKWKH\
ZHUHILWWHGWKHUHJUHVVHGDFWLYLW\FRHIILFLHQWGDWDDWÛ&ZDVQRWOLPLWHGWRMXVW+DPHU	:X
DQGWKHREMHFWLYHIXQFWLRQLQFOXGHGPLQLPL]LQJWKHGHYLDWLRQIURPH[SHULPHQWDOH[WHQWRI
GLVVRFLDWLRQGDWD
,QRUGHUWRDVVHVVWKHLPSDFWRIWKHVHWKUHHIDFWRUVDQLVRWKHUPDOUHJUHVVLRQDWÛ&DQG
PRODOZDVSHUIRUPHGIRUWKHDVVRFLDWLRQEDVHGSDUDPHWHUL]DWLRQZLWKWKHDFWLYLW\FRHIILFLHQWGDWD
UHVWULFWHGWRRQO\WKDWRI+DPHU	:X7KLVHOLPLQDWHGWKHILUVWWZRIDFWRUVDQGDOORZHGXVWR
DVVHVVWKHFRPELQHGLPSDFWRIWKHODUJHUFRQFHQWUDWLRQUDQJHDQGWKHDGGLWLRQDOFRQVWUDLQWRIKDYLQJWR
PLQLPL]HH[WHQWRIGLVVRFLDWLRQGDWD(DFKGDWDW\SHDFWLYLW\DQGRVPRWLFFRHIILFLHQWDQGH[WHQWRI
GLVVRFLDWLRQZDVJLYHQHTXDOZHLJKWLQWKLVUHJUHVVLRQDQGWKH3LW]HUSDUDPHWHUVDQGGLVVRFLDWLRQ
FRQVWDQWZHUHWKHPDQLSXODWHGYDULDEOHV
7KHDYHUDJHDEVROXWHGHYLDWLRQRIWKHDFWLYLW\FRHIILFLHQWIRUPRODOZDVUHGXFHGIURP
WRVWLOOKLJKHUWKDQWKHFRUUHVSRQGLQJWRWKHFRPSOHWHGLVVRFLDWLRQSDUDPHWHUL]DWLRQ
OLPLWHGWRPRODO7KHUHZDVOHVVLPSURYHPHQWZLWKWKHRVPRWLFFRHIILFLHQWWKHDYHUDJHDEVROXWH
GHYLDWLRQEHLQJUHGXFHGIURPWREXWVWLOOJUHDWHUWKDQWKHUHVXOWIRUWKHFRPSOHWH
GLVVRFLDWLRQSDUDPHWHUL]DWLRQ:HFRQFOXGHWKDWWKHUHPDLQLQJGLIIHUHQFHLQWKHGHYLDWLRQLVGXHWRWKH
DGGLWLRQDOFRQVWUDLQWRIKDYLQJWRPLQLPL]HH[WHQWRIGLVVRFLDWLRQGDWDEHFDXVHWKHGLIIHUHQFHVLQWKH
FDVHRI+&OZKLFKGLGQ¶WKDYHWKHGLVVRFLDWLRQFRQVWUDLQWZHUHPLQLPDO&RQVHTXHQWO\ZKHQWKH
VROXWHXQGHUJRHVVLJQLILFDQWDVVRFLDWLRQVXFKDV+12WKHSUHGLFWLYHDFFXUDF\RIWKHDVVRFLDWLRQ
EDVHGDSSURDFKIRUDFWLYLW\DQGRVPRWLFFRHIILFLHQWFDQ¶WPDWFKWKDWRIWKHWUDGLWLRQDO3LW]HUPRGHODW
ORZPRODOLWLHVLIWKHDGGLWLRQDOFDSDELOLW\RISUHGLFWLQJH[WHQWRIGLVVRFLDWLRQLVUHTXLUHG
&RPSDULVRQ:LWK([WHQGHG&RPSOHWH'LVVRFLDWLRQ0RGHO
7KHH[WHQGHGFRPSOHWHGLVVRFLDWLRQSDUDPHWHUL]DWLRQDSSOLFDEOHXSWRPRODOKDGWKH
KLJKHVWDYHUDJHGHYLDWLRQVLQWKHFRPSDULVRQIRUDFWLYLW\FRHIILFLHQWDQGIRURVPRWLF
FRHIILFLHQWLQWKHFDVHRI+&ODQGIRUDFWLYLW\FRHIILFLHQWDQGIRURVPRWLFFRHIILFLHQWLQ
WKHFDVHRI+12%HVLGHVKDYLQJUHODWLYHO\ODUJHUDYHUDJHGHYLDWLRQVWKHH[WHQGHGFRPSOHWH
GLVVRFLDWLRQDSSURDFKDOVRUHVXOWVLQDPRUHSURQRXQFHGF\FOLFDOXQGHUSUHGLFWRYHUSUHGLFWSDWWHUQ
ZLWKLQGLYLGXDOGHYLDWLRQVEHLQJVLJQLILFDQWO\ODUJHUWKDQWKHDYHUDJHDWKLJKHUFRQFHQWUDWLRQV
7KLVF\FOLFDOSDWWHUQRIWKHH[WHQGHGFRPSOHWHGLVVRFLDWLRQSDUDPHWHUL]DWLRQVLVYLVLEOHLQ
)LJXUHV	ZKHUHWKHSUHGLFWLRQVRIWKHPXOWLWHPSHUDWXUHDVVRFLDWLRQEDVHGDQGVLQJOH
WHPSHUDWXUHH[WHQGHGFRPSOHWHGLVVRFLDWLRQSDUDPHWHUL]DWLRQVIRUPRODOLQWKHFDVHRI+&ODQG

PRODOLQWKHFDVHRI+12DUHFRPSDUHGZLWKWKHUHJUHVVHGGDWDUHVSHFWLYHO\7KHH[WHQGHG
FRPSOHWHGLVVRFLDWLRQSDUDPHWHUL]DWLRQXQGHUSUHGLFWVWKHDFWLYLW\FRHIILFLHQWRI+&OE\DW
PRODODQGRYHUSUHGLFWVLWE\DWPRODO7KHH[WHQGHGSDUDPHWHUL]DWLRQXQGHUSUHGLFWVWKH
DFWLYLW\FRHIILFLHQWRI+12E\DWPRODORYHUSUHGLFWVLWE\DWPRODODQGWKHQXQGHU
SUHGLFWVDJDLQDWPRODOE\
7KHDPSOLWXGHRIWKHF\FOLFDOSDWWHUQLVTXDQWLWDWLYHO\SUHVHQWHGLQSORWVRIGHYLDWLRQYV
FRQFHQWUDWLRQZKLFKDUHJLYHQLQ)LJXUHV	IRU+&ODQG+12UHVSHFWLYHO\7KHGHYLDWLRQ
SDWWHUQRIWKHDVVRFLDWLRQEDVHGSDUDPHWHUL]DWLRQIRU+&OVKRZQLQ)LJLVPRUHUDQGRPDQGZLWKLQ
DVPDOOHUEDQGDURXQG]HURWKDQLVWKDWRIWKHH[WHQGHGFRPSOHWHGLVVRFLDWLRQSDUDPHWHUL]DWLRQ(YHQ
WKRXJKDF\FOLFDOGHYLDWLRQSDWWHUQLVQRWYLVLEOHIRUWKHDVVRFLDWLRQEDVHGSDUDPHWHUL]DWLRQRI+12
IURPWKHDFWLYLW\FRHIILFLHQWYVFRQFHQWUDWLRQSORW)LJEHFDXVHRILWVVPDOODPSOLWXGHLWVF\FOLFDO
EHKDYLRULVGLVFHUQLEOHLQWKHGHYLDWLRQSORWRI)LJ
,WDSSHDUVIURP)LJWKDWWKHDPSOLWXGHDEVROXWHGHYLDWLRQGHFUHDVHVZLWKLQFUHDVLQJ
FRQFHQWUDWLRQIRUWKHPXOWLWHPSHUDWXUHDVVRFLDWLRQEDVHGSDUDPHWHUL]DWLRQRI+12DWÛ&7KH
DYHUDJHDEVROXWHGHYLDWLRQIRUWKHDVVRFLDWLRQEDVHGSDUDPHWHUL]DWLRQDWPRODOLVZLWKWKH
ODUJHVWGHYLDWLRQEHLQJDWPRODO7KHVLQJOHWHPSHUDWXUHH[WHQGHGFRPSOHWHGLVVRFLDWLRQ
SDUDPHWHUL]DWLRQIRUWKHVDPHFRQFHQWUDWLRQLQWHUYDORQWKHRWKHUKDQGKDVDQDYHUDJHDEVROXWH
GHYLDWLRQRIZLWKWKHKLJKHVWYDOXHRIRFFXUULQJDWPRODO7KHVXSHULRULW\RIWKH
DVVRFLDWLRQEDVHGRYHUWKHFRPSOHWHGLVVRFLDWLRQDSSURDFKIRU+12DWFRQFHQWUDWLRQVDERYHPRODO
LVHYLGHQW
,QWHUHVWLQJO\RXUFRPSXWDWLRQRIWKHFRPSOHWHGLVVRFLDWLRQSDUDPHWHUL]DWLRQRI3LW]HU
OLPLWHGWRPRODO+12SURGXFHVDF\FOLFDOGHYLDWLRQSDWWHUQDQGDQHJDWLYHELDVUHODWLYHWRWKHGDWD
RI+DPHU	:X7KHVHDUHYLVLEOHLQ)LJXUH$OWKRXJKWKH+12GHYLDWLRQDPSOLWXGHLQ
WKHDVVRFLDWLRQEDVHGSDUDPHWHUL]DWLRQ≈EHIRUHGHFUHDVLQJLVODUJHUWKDQWKDWRIWKHOLPLWHG
PRODOLW\3LW]HUPRGHO≈LWVF\FOLFDOSDWWHUQLVDSSUHFLDEO\VXSSUHVVHGUHODWLYHWRWKDWRI
WKHH[WHQGHGFRPSOHWHGLVVRFLDWLRQPRGHODPSOLWXGH≈7KHLPSURYHPHQWRIWKHDVVRFLDWLRQ
EDVHGDSSURDFKRYHUWKDWRIWKHFRPSOHWHGLVVRFLDWLRQDSSURDFKIRU+12DWKLJKFRQFHQWUDWLRQV
VXJJHVWVWKDWWKHDVVRFLDWLRQEDVHGDSSURDFKFRXOGEHVXFFHVVIXOLQH[WHQGLQJWKHXWLOLW\RIWKH3LW]HU
PRGHOWRFRQFHQWUDWLRQVPXFKKLJKHUWKDQPRODOIRURWKHUDVVRFLDWLQJVROXWHV.12DQG1D12
IRUH[DPSOHERWKRIZKLFKKDYHGLVVRFLDWLRQFRQVWDQWVVPDOOHUWKDQQLWULFDFLGDUHRISDUWLFXODU
LQWHUHVWWRWKHWKHUPRG\QDPLFPRGHOLQJRI6%:
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7KH3LW]HUPRGHOSDUDPHWHUL]DWLRQVSURSRVHGKHUHDUHUHFRPPHQGHGIRUÛ&DW
DWPRVSKHULFSUHVVXUHIRUPRODODQGPRODOIRUWKHFKORULGHV\VWHPDQGDTXHRXV+12
UHVSHFWLYHO\DQGDUHUHDGLO\XVDEOHLQ$63(13OXV$QDVVRFLDWLRQEDVHG3LW]HUDFWLYLW\FRHIILFLHQW
PRGHOLVFRPELQHGZLWK+HQU\¶VODZWRSUHGLFWDFWLYLW\RVPRWLFFRHIILFLHQWVDQG9/(7KHFKORULGH
PRGHODOVRSUHGLFWV.&ODQG1D&OVROXELOLW\ZKLOHWKHQLWULFDFLGPRGHOKDVWKHXQLTXHFDSDELOLW\WR
DOVRSUHGLFWWKHH[WHQWRIGLVVRFLDWLRQZLWKDQDYHUDJHDEVROXWHGHYLDWLRQRI
7KHWUDGLWLRQDOFRPSOHWHGLVVRFLDWLRQ3LW]HUPRGHOOLPLWHGWRWKHWKLUGYLULDOFRHIILFLHQWDQG
XVLQJWKHRULJLQDOO\SURSRVHGYDOXHVRIEDQGαLVNQRZQWREHYHU\DFFXUDWHXSWRPRODO:H
FRQFOXGHWKDWWKHDVVRFLDWLRQEDVHGDSSURDFKH[WHQGVWKHXWLOLW\RIWKHPRODOLW\EDVHG3LW]HUPRGHOXS
WRPRODOWRSUHGLFWDFWLYLW\RVPRWLFFRHIILFLHQWV7KHDYHUDJHDEVROXWHGHYLDWLRQRIWKH
DVVRFLDWLRQEDVHGDSSURDFKIRU+&OXSWRPRODOIRUH[DPSOHLVDOPRVWDVVPDOODVWKDWRIWKH
FRPSOHWHGLVVRFLDWLRQDSSURDFKZKHQOLPLWHGWRRQO\PRODO,QWKHFDVHRI+12DVROXWH
XQGHUJRLQJVLJQLILFDQWDVVRFLDWLRQWKHDVVRFLDWLRQEDVHGDSSURDFKFDQUHSURGXFHDFWLYLW\DQGRVPRWLF
FRHIILFLHQWGDWDUHDVRQDEO\ZHOODYHUDJHDEVROXWHGHYLDWLRQ≈XSWRPRODODVZHOODV
DFFXUDWHO\SUHGLFWH[WHQWRIGLVVRFLDWLRQ7KHDVVRFLDWLRQEDVHGDSSURDFKKDVWKHDGGLWLRQDOEHQHILWRI
DOORZLQJWKH3LW]HUPRGHOWREHIXOO\XWLOL]HGLQFRPPHUFLDOVLPXODWRUVVXFKDV$63(13OXVWKDW
UHTXLUHDFFRXQWLQJIRUDVVRFLDWLRQWRLPSOHPHQW+HQU\¶VODZ7KHFRPSOHWHGLVVRFLDWLRQDSSURDFKRI
WKHPRODOLW\EDVHG3LW]HUPRGHORQWKHRWKHUKDQGSURGXFHVDVLJQLILFDQWXQGHUSUHGLFWRYHUSUHGLFW
F\FOHLQWKHSUHGLFWHGDFWLYLW\RVPRWLFFRHIILFLHQWVRI+&ODQG+12ZKHQWKHUHJUHVVHGGDWDH[WHQGV
PXFKSDVWPRODO$GGLWLRQDOO\WKHFRPSOHWHGLVVRFLDWLRQDSSURDFKLVQRWIXOO\FRPSDWLEOHZLWK
VRPHFRPPHUFLDOVLPXODWRUVVXFKDV$63(13OXV
7KHSDUDPHWHUL]DWLRQRIWKHPRGHOIRUWKH+.1D&OV\VWHPZDVDFKLHYHGE\D
SHUIRUPLQJLVRWKHUPDOUHJUHVVLRQVRI+&O+2DFWLYLW\RVPRWLFFRHIILFLHQWGDWDWRHVWDEOLVK
WHPSHUDWXUHGHSHQGHQWFRUUHODWLRQVIRUWKH+&OELQDU\3LW]HUSDUDPHWHUVEUHJUHVVLQJ+&OSDUWLDO
SUHVVXUHGDWDWRHVWDEOLVKDWHPSHUDWXUHGHSHQGHQWFRUUHODWLRQIRUWKH+HQU\¶VODZFRQVWDQWF
UHJUHVVLQJVROXELOLW\DQGDFWLYLW\FRHIILFLHQWGDWDIURP+&O.&ODQG+&O1D&OWHUQDU\VXEV\VWHPVWR
GHWHUPLQHWKHFRUUHVSRQGLQJ3LW]HUPL[LQJSDUDPHWHUVDQGGXWLOL]LQJPL[LQJSDUDPHWHUVIRU.&O
1D&OIURPWKHOLWHUDWXUH$UHDVRQDEOHGLVVRFLDWLRQFRQVWDQWIRU+&OIURPWKHOLWHUDWXUHZDVXVHG
$OWKRXJKWKH+&OSDUDPHWHUL]DWLRQSUHGLFWVH[WHQWRIGLVVRFLDWLRQFRQVLVWHQWZLWKWKHUHVWRIWKH
UHJUHVVHGGDWDWKHGLVVRFLDWLRQSUHGLFWLRQVDUHQRWEDVHGXSRQGLUHFWGDWDDQGDVVXFKFDQQRWEH
YDOLGDWHG7HPSHUDWXUHGHSHQGHQWFRUUHODWLRQVIRUWKHVROXELOLW\SURGXFWRI.&ODQG1D&OZHUH
REWDLQHGIURPVROXELOLW\DQGVDWXUDWLRQDFWLYLW\FRHIILFLHQWGDWDUHSRUWHGLQWKHOLWHUDWXUH
7KHSDUDPHWHUL]DWLRQRIWKHPRGHOIRUQLWULFDFLGZDVGHYHORSHGE\HVWLPDWLQJDFWLYLW\
FRHIILFLHQWYDOXHVDWWHPSHUDWXUHVRWKHUWKDQÛ&ZLWKWKHFRUUHODWLRQRI&OHJJ	%ULPEOHFRPEH
DVUHIHUHQFHGWRWKHYDOXHVRI+DPHU	:XDQG5HGOLFKHWDODWÛ&
,VRWKHUPDOUHJUHVVLRQVRIDFWLYLW\FRHIILFLHQWDQGH[WHQWRIGLVVRFLDWLRQGDWDZHUHWKHQSHUIRUPHGDW
DQGÛ&7KHYDQ¶W+RIIH[SUHVVLRQZDVXVHGWRGHVFULEHWKHWHPSHUDWXUHGHSHQGHQFHRIWKH
GLVVRFLDWLRQFRQVWDQWIURPWKHVHWKUHHLVRWKHUPDOUHJUHVVLRQV7KHUHVXOWLQJWHPSHUDWXUHGHSHQGHQW
FRUUHODWLRQIRUWKHGLVVRFLDWLRQFRQVWDQWLVLQUHDVRQDEOHDJUHHPHQWZLWKOLWHUDWXUHVRXUFHV+ROGLQJ
WKHH[SUHVVLRQIRUWKHGLVVRFLDWLRQFRQVWDQWIL[HGLVRWKHUPDOUHJUHVVLRQVZHUHSHUIRUPHGDWRWKHU
WHPSHUDWXUHVIURPZKLFKWHPSHUDWXUHGHSHQGHQWFRUUHODWLRQVZHUHILWWHGIRUWKH3LW]HUSDUDPHWHUV
'LVVRFLDWLRQGDWDZDVXVHGLQWKHSDUDPHWHUL]DWLRQRIWKHQLWULFDFLGPRGHOFRQVHTXHQWO\SUHGLFWHG
H[WHQWVRI+12GLVVRFLDWLRQDUHSURSRVHGDVUHDVRQDEOHUHSUHVHQWDWLRQVRIUHDOLW\
7ZR+HQU\¶VODZFRUUHODWLRQVZHUHREWDLQHGE\UHJUHVVLQJPXOWLWHPSHUDWXUH+12SDUWLDO
SUHVVXUHGDWDDQGE\WUDQVIRUPLQJWKH+HQU\¶VODZFRQVWDQWRI&OHJJ	%ULPEOHFRPEHEDVHG
RQFRPSOHWHGLVVRFLDWLRQ*LYHQWKHODUJHYDULDWLRQDPRQJWKHYDSRUOLTXLGHTXLOLEULXPGDWDIRU
DTXHRXVQLWULFDFLGKRZHYHUQHLWKHU+HQU\¶VODZFRQVWDQWFRUUHODWLRQFDQFODLPVXSHULRULW\EDVHG
XSRQSUHGLFWLYHDFFXUDF\
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:HDUHQRWDZDUHRIDQ\RWKHUPRODOLW\EDVHG3LW]HUPRGHOIRUDTXHRXV+&ODQG+12LQWKH
OLWHUDWXUHWKDWDUHDSSOLFDEOHWRVXFKEURDGFRQFHQWUDWLRQDQGWHPSHUDWXUHUDQJHVDQG\HWFRPSDWLEOH
ZLWK$63(13OXVOLPLWHGWRWKHWKLUGYLULDOFRHIILFLHQWDQGKDYLQJYDOXHVRIEDQGαDVRULJLQDOO\
SURSRVHGE\3LW]HU7KHFRPSDULVRQEHWZHHQSUHGLFWHGDQGH[SHULPHQWDOGDWDLVVXPPDUL]HGLQ
7DEOH7KHUHVXOWVLQGLFDWHWKDWSUHGLFWLRQVGHYLDWHPRUHIRUSKDVHHTXLOLEULXPWKDQIRUDFWLYLW\DQG
RVPRWLFFRHIILFLHQWV*LYHQWKHH[SHULPHQWDOXQFHUWDLQWLHVRIWKHGDWDUHJUHVVHGWKHDYHUDJH
DEVROXWHGHYLDWLRQVOLVWHGLQ7EODUHDFFHSWDEOHWRWKHSUDFWLFLQJSURFHVVVLPXODWLRQHQJLQHHU7KH
PRGHOVSUHVHQWHGKHUHFDQEHHDVLO\XVHGLQ$63(13OXVDQGSURYLGHWKHSUDFWLWLRQHUZLWKDVXSHULRU
DOWHUQDWLYHWR(157/
7KH³6/(´VROLGOLTXLGHTXLOLEULXPFROXPQRI7DEOHVKRZVWKDWWKHFKORULGHPRGHO
DSSHDUVWRKDYHWKHFDSDELOLW\WRH[WUDSRODWHDQGSUHGLFWVROXELOLW\DWKLJKHUFRQFHQWUDWLRQVIRUWKHWZR
DFLGWHUQDU\VXEV\VWHPV7KHVROXELOLW\RI1D&OLQDTXHRXVK\GURFKORULFDFLGZLWKDQLRQLFVWUHQJWKRI
PDWÛ&7EODQGWKHVROXELOLW\RI.&OLQVROXWLRQRILRQLFVWUHQJWKPDWÛ&7EO
DQGXSWRPDWÛ&7EODUHSUHGLFWHGZHOO7KHDELOLW\RIWKHFKORULGHV\VWHPPRGHOWR
SUHGLFWVDOWVROXELOLW\VHYHUDOPRODOXQLWVKLJKHUWKDQWKHLRQLFVWUHQJWKRIWKHUHJUHVVHG+&OELQDU\
GDWDVXJJHVWVWKDWWKHUHJUHVVHG+&O3LW]HUSDUDPHWHUVKDYHFDSWXUHGWKHWKHUPRG\QDPLFSURSHUWLHVRI
WKHDFLGZHOO7KHFRPSDULVRQEHWZHHQPRGHOSUHGLFWLRQVDQGLQGLYLGXDOGDWDVRXUFHVIRUWKHFKORULGH
DQGQLWULFDFLGSDUDPHWHUL]DWLRQVDUHSUHVHQWHGLQ7DEOHV	IRUUHJUHVVHGDQGQRQUHJUHVVHGGDWD
UHVSHFWLYHO\
7KHHTXLOLEULXPFRQVWDQWV(T>@DQG3LW]HUSDUDPHWHUV(T>@UHJUHVVHGLQWKLVZRUNDUH
GLVSOD\HGLQ7DEOHVDQG,QGLFDWLRQLVJLYHQIRUWKRVHFDVHVZKHUHWKHUHJUHVVHGGDWDWKLVZRUN
RUVWDWHGDSSOLFDELOLW\FLWHGUHIHUHQFHDUHIRUDGLIIHUHQWWHPSHUDWXUHRUFRQFHQWUDWLRQUDQJH8VLQJ
WKHPL[LQJSDUDPHWHUVIRUWKHFKORULGHV\VWHPDWWHPSHUDWXUHVDERYHÛ&LQYROYHVH[WUDSRODWLRQ
UDWKHUWKDQLQWHUSRODWLRQEXWDVVRFLDWHGSUREOHPVZHUHPLWLJDWHGE\XVLQJOLQHDUWHPSHUDWXUH
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